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VoL IV, pt ^ (owr of pn nt), 1B&7, pp / (59 6"), pb. 2 {xxi— Jiiii). F)ocene Cholot^« 
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SfcR. XIU.) SALT-nANGE FO^hsT^ WILLIAM WAAQKN, Ph.D. 
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,, „ „ ,, " (1837) ('cnlonteiata, Protozoa, pp. 74 (925- 

998i, 12 (cwii cxxviii). 
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( \ Diener. 

The Pormooaibomferou*' Fauna of Chituliuw No. 1 : Vol. I, pt. 3 (1897), pp. 105, pis. 33. 
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IbcfKr 

Tbe Oopbiilopoda of tbe Muscheibalk : Vob 11, pi. 2 (3895), pp. 118, pis. 33, by Dr. C, 
Jbenor. 
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Th.-i Fauna of tbe jlini.dayari MnscUolkalk Vol V, Memoir No. 2 (1907), pp. 340, 
pN. 17 (2 d..ubJo). by Dr C. Ibenei 

Ladmic, Carnic wnd None faunas of Spiti : Vol. V, Memoir No. 3 (1906), pp. 167, pis. 24 
iloabie\ by J>r, 0. Dimer- ^ * 

Lower Triafts.e Cepbruopoda fiom Spiti, Malla johar and Bvans ; Vol. VI, Metikoir 
No. I 119 eji. pp 186, pis. 31, by I>r^. A. von Kraft aiul 6 Diener. 

The Fauna of tbe Traumatoerinus t4unostope of Dalnkhahda : VoL VT, Memoir No. 3 
(1909^. p]i 3^, pis. 6, by Dr. C Diener, 

Ihe rambzian of S'piti - Vol VII. Memoir No. 1 (1010), pp. 70, pis. 6, by 

P R. C. Reed. 

OrdnvKiHa and Siinnan fossiL from the Central Ilimalayss : Vol. VII, Memoir No. 2 
(1912), pp, 360, pis. 20, by F. R. O. Reed. 

iSni, XVI j-BALU(UnSTAN FOSSIl-S, bv FRITZ NOEIXING. Ptt,D., F.QA 

Tlie Fauna 01 the KoUaways e* Mazdr Drik ; Vol J, |»t. 1 (1695)« pp. ^ |ds, 13, 



Favcta of the (Ifeoooinian) Belidmtiite Beds ; Vcl. I, pt, 2 (1S97)» pp. 6, pis 2 
Tbe Fauna of tbe upper Cretaceous (Maestriehtieu) Beds of tUe Man Hills : VoL I, 
pt 3 (1897), pp. 79, pis. 25 

XJie price 8xed foi these puLhciiious w lour annas pei single plate, with a minuuom 

chaige of ile 1 


(NEW bEBlES) 

The Cambrian Fauna of the K^istcin Sell lango Vol I, Memoir 1 (1899), pp 14, pi, 1, 
by Bedlith. Price 1 lie 

hToUs 00 the Morphology of the Pelecyp<^da , Vol. J, Meraoir ^ (1B90), pp, 68, pis 4, 
by Di Fntz Noelung Puce 1 He 4 As 

(auiiii ot the Miocene Beils oi Banna Vol I, Mcnmi 3 (1901>, pp o78, pJs 26, by 
Dr FiiU Noellmg Piice 6 Bs 1 (ttif t f prnit\ 

Observations sur qtielques PUmos FuskiIos des J.owcr tloiidwanas Vol. II, Memoir 1 
(1902), pp 59, pis 7, by 11 ZoiJIer Pmco I Ho 1? As 
Pewno ( aibonifcrous PlaiU<> ind Veitebcafes hem Koshniir Vcl II, Memoii No, 2 
(1905), pp 13, pis 6 by A C iScvird and Dr \ Smith Woodward Price 1 >te 
The Lower Pahco^oic Fos'ils of the Noi thorn Shan Stales, Upfei Barcna : Vol, 11, 
Memou No 3 (1904), pj T64, pis 0 by P H C Hted I'rice ? Us 
the bauna of the Napfiig Teds or the llha tu ^ieda of Oppor Buime • Vol II, Memoir 
No 4 (1908), pp 88, pu 9, by Mi*^s M Healey Pure 2 Rs 4 As. 

The Devonian Faunas oi Iho Moithein Shan States Vel II, Memoir No 6 (1908) 
pp 185, pis 20, by V H C Reed Price h IN 
Iho Mollusca of the Kanikut Senes V A III, Mem n No 1 /1909), pp :mv, 83, pU 8, 
by M Cossman end <i Pissirio liitioductimi b/ H W Vitcienbnrg Pure 2 Rs 
rho Brachiopoda oi the N iinv lu Beds, Is oi them Shan Slates, Bniuia * Vol III* Memoir 
hlo 2 (1917), pp 264 pis 21, bv S S Bucknua \ nee b IN 4 As 
Uii tome FjMh leii iim Irom the Beds of f>ongir/jon, Tcntitil Piomticcs • Vol HI, 
Memou No 3 (1908), pp 6, pi 3, by Di A Smith Wo«>dviard Piico 3 Re 
Anlhiacf Ijthic I ot 1h» )*i SLatt \<l ITl, Mintoir No A (1911) i)p 74, pis 7, 

by Or C Dicn^'t Piicc 1 He 32 As 

'the 1< il Guitlblo if fodit Vol IV, Mimmi No 1 (I9ii) pp 29, pis 6, by Dr 
G Fj Pilgum Pneo 1 He 4 As 

Jfhe Vriteurate iMiinx oi *lir Onj Senes in the Bu,^ti Hills ind the PiiiJ|ab Vo! IV, 
Mcdxoj»* No ? (191^), pp J3, pN VO sml imp *>> Di <3 H Pii,<iijn Hi ice 8 IN 
ia>wci Gondvi.uia Plants Irom tl o (r ICishmir Vol IV, Memoir No 3 

(19X2), np 10, pi" 6 bv A (3 Sewaid Pine 1 He 
Me> izou Plints from AfghiniHt in an 1 At-»!iaM Tuikistm V'ol IV, Memoir No 4 
11932) pp 67 pis 7* by A Retard Pii/e 1 He 12 As 
Tiiassir 1? lune of 1C iJnmr Vol V', Memou No 1 (1913), pp 133, plb 13 by Dr C 
Dict or Tbiee 3 IN 1 As 

Itn Ai Ihi K ddhr bauiie of Kashmii Kaiiiiu md Spiti Vol V, Memoir No 2 
^193 »), pp 15h, pis 11, by Dr (' Dktki Prnc P IN 12 As 
Le < ii^tire ♦ rFoime du I ibet t'Vniial • Vol V, Memoir No 3 (3916), pp 62, pU 16 
»\ Prof Hum Douvill^ Pii e 4 Rs 

Supple mail irv AleTmui cr N#w OuIovicmUi and ^lluruu fossils fiom the Northern Shan 
Statfi. Vol VI, Memoir No 1 (1910) pp 98 pU !*> by K R C Reed Price 3 Rs 
Dev miap J^ossils fiom and the P^min Vo) VT, Momoir No 2 (3922), pp 

136, pN 16, by F R 0 Heed Fn<e 4 Rs 

(j'idovir* au and Hiluiian PossiK tiom Yu irnn V< I VJ M< imui No 5 (1917), pp 69, 
pis 8, by F B C Reed Price 2 R^ 

Hppor C uboiiifi mu'- Fossds lioni (^Iiitnl and tlm Pun is Vcl VT Munoir No 4 
(1926), pp 134 pis 10 by F H C Reid Thir^ 9 R'. 13 A 

Ti dun OoudwtJii PI cuts \ H«\i>ton Vol All Men> ii No 1 (1920), pp 41, pis 7, 

bv V C Seward and H Sahni Pi»<e 1 Ho 12 \i 
The rjamillibianchuta of the Fxino of Bciinn Vol VI f, Mrnioii No 2 ^1923), pp 24, 
pis 7, by ih O do P Totter PikoA Ps 10 A i 
K<Mew of tlw GrtfiOi Ouoiiia Vol VII Aleim r No 3 (i» pf/ss) 

Vn iiiooiupleto «!kull nf Dmolhc nnm with notes «n the Tndiin loims Vol V''JI, Memou 
No 4 (1924), pp 13, pis 3, by R W Palmer Price 1 Ho 2 As 

Conti ibUtioHR to (he Pala»<eit<»Wy nf Vs,ini Vol V3T1 Aferuon No 1 (1923) pp 73, 

pis 4, by Erich Sponqicr Ptice 5 Rs 

The AnthraeoUienidfiS of the Deia Hugti de|K>bits m Bahichi tan Vol VIII, Memou 
No 2 (1924), pp 99 pis 7 by C Forstor Coopei »ce 4 Rs 
9 he Penssodftctyla of iho Foecne of Binmi^ Vol VlfT, Alimuir No 3 (1926), pp 28 
pis 2, by Dr G E Pilgnm Pnee 1 Ro 9 

The FosmI Smdfle in fiidM \ol VIIT, Memoir No 4 {i/t /3c pr/s?) by Dr G S 
Pilgrim 

On (he Bikko roRection of Ammonites firm Kachh : Vol IV, Memoir No 1 (1924), 
pp 29, by Tj F Spelh Pjie»> 12 A'* 

JPaRsozoie and Mesozoic Foasils from Vurman t VoL X, Memoir No 1 On the 
by F. B* G Reed. 

Indf^ te the Qenota and Species dosenbed m tho Pe^lsMitologia Indiea, up to the your 
I^. Price 1 rupcv, 
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RECORDS OF THE GEOLOGICAL SURVEY OF INDIA. 

voi. I, im 

Vijtt ] [uvt of f>r iu) - rcpoxi for 1867 Coal seams of Tawa valley* Coal «n 

G»riov( iluls i oppu iTji Bundeikuiitl Moteonlo') 

Par/ (i/i/f i ( c 1 tt Cial senna oi neigh notir hoed of Cbanda Coal near N>«gpur* 
] %icmI ji is on ^ul it C i ih cioi itr Ci did>u|oduus f jniaa"^ ol isoiUi Indian 
dejicsit Li ad in Knput di^itut I oal in Easieiti Hemisphere^ 

M u >iiu^ 

Part C {iiU if pod lanm ot Soiilli ludi m fulattons de|>o>its Notes 

(11 uuti. ti m to Na^ptii t u ibnieinaggui, J iliia, Loonu, Ycotinahal> 

Maiigih aiiJ Ilin^nut,hit Agitt 8 iko lu phoitno ( ; doposit-* ol Uppei t«odd\eijr 
15 uuUtj d \ nnihv in scius u. Hijpntiut Meuonies 

\ or J I 1669 

/*a f L vOw jf 1)1 ml) Valley </ Cooxna iivti, Wes* Hei u Jsuddupah lud Kuiii >ol 

foiniiu ns Cedo^ual skiteh ot Shillong pi Ucau (xold in binghbhuom, et%, 
Wells It Hi/ 1 ci ip,li MiteiiiU** 

/Vi/ ^ (tut uj )\/\ -IniiAiil i p it lui Jde 8 i.»slu a tteti and tUici pi e> ot 
l lul 111 I Uviu luwii leit ii dti Sit it Nil! Oil v^Ik> Mti ii h ipliu ii U of 
Bt 11^ d 

^*oii ) (mi of }ftiip (o )logv ot Kut h, VvisUtii India Otology and pbysiial ge » 
giaph^ ot Nirolivi isliiids 

C<i// 4 [oiU of ituii) laids crnCniung sthcilud void m Ka->terii Pii rue British Btunii 
Mini ralo^u il siiiisHes of Kuin»i i di mm i t il < eid xuai Chind/ Head in 
Itupui diMti ot Mitiinilis 

Voi Tfl. 1170 

Pn't'i J ytut of pint) ViiiMil lejoft loi 1'569 (lOoligv ot m igUb mhoixl of M idi m 
VlhniAl diii'iits it fii i \ idi, cmtiiUlid with the so of OuiwOS 

Patt i (t) it of im /) — ecology u» Cv dim i id vi xnity btifos d thilelj, Knmaon 
Lead vf n neai Chuhuli, llupur district Wardha iivcr coat hold^, iteiai and 
t enti il Piovinttb (.oil at Kaibi in Bdes^ or distent 

^nrt 9 (out of ^luuj — Mohpam cod hi Id L«;<*doio at Miinmibad^ J ibalptu distijcC 
(oil ei 1 >1 ( lihatUsgath betwem J>ibs >ui lud U^uebi IMioleuiu m Burnn 

PftidiunnL locally if t5udkai iitir I nttnii west of Kaw ilpindi Argent if lous 
giieo^ ami eop| ei m Maubham Assxj > or non ores 

Part y \jn ff in if) - C»i 1 igj nt Mount J 11a, Pimj d tiepj its ct Halbhuxu 

and S li^hhhum 3— (oppr i )j»ies of 's iighb uim 2 topper oi J>albbuxn and 
Smglihl uni Alt « ei ri ter 

voL IV, im 

Part i (out of print)’- \unu d leixxl foi IB’^O ^lUged di covery ol coal near Gooty, 
aol ot indiefttioiiP ot cod m Cnddnpah dntiKt Mineral statistics ot Kotiiaou 
divisn i 

f irt J (o it of pi Tit] il g*< p in W« til I Pionic (ifol gual strui tuie of Southeixi 

Koiikiii "uipjiobcd uf cum nei or n tivi int iricriy ii* tnu htiaits Seitiemuits 
OipoaiL in hikia of steaTu engines at L PiHdlcnuig sandstones ot 

Coda\ a vide>, on outlieiii v\lcusi n»> of K nut fix g'oup to aoighbouxbood of Ll'oio 
Hid Hijii oidii and on posSiblo uictnioKe of ri. il m same direction 

'(!// J tout jj pin Borings f jr coal m Cfdavaii vjdt> nai nuiiia|[aden and TlUadra 
(hdam Non Ji coal basin Oi'olotf/ of Ucrdiaf ikovinocs 1 '»nb bea'-mg sand 
tr rub ot riodjMUi valley 

Pari ^ (lut of pnnt) VmxnonMe i tuna oi Lid/eh Riigui and ifengi Qapgput) Coal 
kill Suxistoncs in neighbourhood of bxst hanier on Godavari, uid in -mutiy 
bitwoMi i«od»\ 111 and Klloie 

v^o. V, m2 

I art / ^ Hi of prut) Annu d it^p^nl foi }8fl Ritatuns ol iock< neii Mmreo (MiU)» 
Fuuiil Mil idc^id uitfs eu grniss oi bou^^h Miisipur and adjjomuig country 
It ueighl ( uihood htfi bxiiui <u Godavari, and m countly bi^tween 

i i 1 n I r 1 Oil 

I wrt /oit of ifititS Coasts of Bslucbisfan and Pctsia fihm Karachi to head of 
Fti ran Gulf ind «oiae ol GuH Islands PaHs of Kgtnmumiiaet and Hanamconda 
-^^Hnets m Nisam s Domniions Geology Ousma* Wew rosLiietd m South^enatarf 
tb h \ tl» id lOi c ar ) r« n P i y 


a 



S [Qui of Ma&kfti ardl AtaicMidilim on euet of Aribi^ JF'xamplo ol local 

joiiitiiij{ Axiii K(Oup ot Westoin PioirK Oeologj ol Bon bay PiesiUeUKy 

Part f (ovt of print) - Toil m noi thorn region of botpiua bafiin Evirf^nco anordod 

I xifiod oyster biuks on cua-sfs of India, m ostimiting wnounl ot tlevation indicat^i 
th itb} Po-^sible field ot cjil ineasuici m C>oda\ttii disUnt, Madias Vrcaidoncy 
Lunota oi mir i tiappein f^ination ot ( tntial iudm BrUokum localities m 

Supposed Loztonal hmeaUne of \tlliru Bile 

\oL VI, 30/d 

Part ] --Aunaul lepoit foi 3872 Geologj of >i«itb\Vest Provinces 

Poit 2 {ovt of jpr//i^) — Biarampiir coalfield Almorilogica] notes on gneiss of sonih 
Mir/ Apia and adjoiumg coaiiry 

Part 6 [out of print) 1 elt lu osciferons deposits of jNulndi \ alley (Pliounc ol 
fakojiCt) on of dojaisil uid on i^ontid sfn’lls Bankii«i (<oal wasufos) 
n Beddadanole W(] (rodavin disii cL (xcol igy ot parts o^ (ifpcr Punjab Coal 
m IndjA blit ^pJIli,,a ot P% i 

i ft / (out of punt) Jl*tm d( posits ol Clundi (icitrit Provinces) Barren Islinds 
Jilt Naikudim Ale ulliftrou*- i*souioos d Piitisk Buimi 

\oi Vtr 1374 

fwt (tut c/ print) Wniiil icporl i r 1875 Ilill i bttw cn Indus valliy in 
T^dik find bhali i Oui i on lioutjci ci ^iiKiiid tnutoiry lion <m»s» ot Kun aui 
B aw mat Of Ills foj n in snjoitjng in Binigiuj field ^iruktonc, oi so called 

If ic luio>ti Gulo^i il rat h <n pirt if Noitheni H 7uibA*»h 
’ {otf if jrnt^ (aoio^uil nvU nu j mtt »ri\ is^d b \iikind jmibaBsy from 
Stub I l»uh to Aiikml m I Kashgii I idf m Kni is \Uky 3 urkistan Notes 
it i\ I i'*! n til i il 1 } A Pttifl iim in Vssani t < il in uiro Hill<t Ooprer m 
Niibiti \ lU \ Pot ish lit turn last t dia Crcilogy cf in igbbouihood of Man 
hill sl« on ifi Ibiiij lb 

?*it t ^ (out of p/iHf] Offkgi il (I t mile I i visit <i (b deiKut, Ihian 

dhin 1 iug< loimt c^tfusieo ol ^bmei^ \ithin Kingii disUi t Building and 

II in ent iJ (i ru of Jnd i Meteiul if r non iiiuiufi me m Hiniganj oalfleld 
Mwiunust !*■ Ill Matdlii ».jireli 

Pu t t {i t of punt) Vunfrrnus i xks ot r»himlul bills Dliii^vii disttict AiPiq iity 
of Imnnii rni in India CoA ffc<ntlv dso^veifd m tbc r imliv of Turn Pithint, 
snillioast c net iJ XFghuii < u I )gi( i t t,i<bgi il im *iudion in (ifidivan 
distil t Midi IS t-^ifsidinf) Siih>iduiv n iti i il foi iitirnial finl 

Af Mil ’t7A 

i yit ( tt If p lit) \niujdi leioif toi 18/4 Ibe AI<^um Anush lonsidcred froi i 

^ oloiual poinl m<\v Iviliiu s cf ^louadue* lu fripiial ludai duiiig 

in lu p(t )1 1 r ih ol T*xniginj fit lriik>> 

Ptii 2 yo ft of I mf) (Iddfitlds ol somhcist Wvniid, Nfidtuo Pic idMic> Gedogicil 
il fes 111 Khueesii bills in liuper I unjab )A itii b« btiitt rf Suz it district 

Go b j^v of Siiudias t riitones 

Port ? (rut tj 2 ^rmt) - Sh hpur cr d fickl, ^nfli nrfu f n nl < Npb i itions in NiiJ ids 
ifgiois (Vd rcfciiflj ffHiiid near Moflimg Klnsta llilla 

t a t f ( lit of inmtf frcobuy of Nepal Hugiih zn i Hingit ciul fields 

Vor l\ 1876 

Part 1 (out of i/rint] — Annual lopoit fer IBT'i Otology of ‘^md 

Part C ( uf If print) Ketinmuil of In Oklhiin Ai^n ot oino tvS il Horns uf India 
Ctanitim ol fttegodoii Gnuess, vnth riot<s on s»ub genus and hUuu foims Sub 
}lim divan Netu« >n laiiiu (JanufUid Jlids 

PoH i* ( if pnni) l*ts il Horns in Indii Geolojne il Ago of cortiin groups cou 
pused m t^oneW nn sirus oF India niid on e\idenre they afford of disquiet 
jjcolngicU ind botmu xl tfireMnal legims in iiiriMit epochs Itclations of fossihfei 
ous strati at Maleri md Koti, near Sironch’t, 0 P I ossil m immilian faTUifO of 
TnUia and Biirnu 

Part jr (ont of punt) Fossd flor*s in Ii dii Osteology of AXez^copotamas dissimdts 
Addenda ind forngtiidi to papir on Uitiary mmimilia Pksiosanrus in India 
OeeJogy of Pir Puijal iiid ncigbbnmng districts 

Vor X 3877 

Port 1 (out of pf tni) —Annual Tejiort for 1876 Qoo’ogical notos on Great Indian Desert 
between Bind and Rnputina Cretaceous genus Oniphaka tifv N imeho Inko, Tibet, 
about miles north of Lbisss Fstheni In Gondwana form it ion Vertebrata item 
Indian terttaiy ind second nv mcka Nesv Lmvdme fiom the npper tertiAnes rtf 
Northern riug<^b Obiieivution^ < n nndoi ground tempenratnre 
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S (otif of Rocks of the liOV'er Qotlavari. ‘ AtgArh ftwidstotiea * tk&at 

Cuttnrk. f'osMl floras m India. Now or rare mammals from the Siwaliks. Arav^i 
i»oiies ID Notih-Kahiern KnjpataDA. Roiings for coal in India. Geology of India, 

PfOt tV {out of j[fn7if) -^-Teitiary zone and underlying rocsks in North-West Punjab, 
tohsil floius in India Ktrat.cs m Potwai. Co«)i oxploraUuns in Darjiling district. 

111 iion^nbourhood of Baiaaar. Korins ol blowing machine used by 
smiths of L^]»per Assun, Analyser ol R<»uigsiij coals 

Part } {out of p7int\ Gology ot Mahanadi basiu and its vicinity. Diamonds, gold, 
and lead oie& t»r Sambalnur dif*trKt ‘ Jfiiyoii Comp. Hairoveiisis,' McCoy, from 
»Sjipermaiui gioup near Madras. Kossi] floras m India. The Blaini group aUd 
* Centiai Queiss ' in Hiznla Himalayas Tertianes of Noitli-West Punjab. Genera 
ChonoiiiiLeryx and liliagatherium. • 

Von XI. 1878. 

Part /. — Annual rcpoit lor 1877. Geology of Upper Godavari busin, between river 
Waraha and Godavari, neat Sirontha. Geology of l^hhmir, Kishtwar, and Paogi. 
SiwaJik niaiiunais. PaUMiitological relations of Ooudwaiia system. * Driatics in 
Punjab.' 

Pail ■? {oht of print),- Geolo^iy ol Sind (second iioiice;. Origin of Kumaun lakes Trip 
ovei Pavg, Kumaun Mud vohanofts of Ramn and Cheduba. Mineral 

insoiu'es c*f Rnmii Chrdubi and adja.ent ihliuds. 

i*art S- Gold industry m Wynaad. Dpper Gondwana smics in Tiichinopoly and 
Nellorc Kistna districts. SenaiiiiOntiio from Sarawak. 

Part — (leogiaphical distiibution oi fo'»sil organisms in India Submerged forest in 

Bombay lalaiid. 

Voh XII, 18'/9. 

Part 7, - Annual report ioi 1878. Geology of K^sl mir (third notice). Siwahk mammalia. 
Siwdhk buds Tour through Ilen^rang and Spiti Mnd eruption in Rninri Idand 
(Aiakau). Biaumtc, with iUiodvtnite, tiom Nagpui^ (jentrai Piovuioes. Paiaonto 
logical notes from Saipura coal basin. C^oal iniport.'itjons into India. 

P'nf - Mobpani coal field. J’yiolusite with Psilomeiano at Gnsalpur, .tabalpur district, 
f b*<)logii.il jetouriaibAanco fioni Indus at Kubhilg.uh to Kuiram «<( Ihal <n Afghan 
frontier Geolog\ of Upper Punjab 

Pali Qoologual featiue.) of iioitiiein Madina, Padulwita fclate. and southein paits 
of Taiijoie and TnUnnopoly included wiUnn limits ot bbc*t ‘jO i>f Indiau 

Atlas Cieticeous lo.sils fiuni rnchmopoly liistiiU, collet tod in 18f7-78. Spheno- 
pliyllum and other Kquibclaoea' with roieionce to Indian foiiii Tnzygia Kpccxo*=^o, 
Koyle tSphenophylluni Tiizycia, Ung ). Myc^oiia and Alacaixute fiom Nelh^rc d»'’ 
tnct. i^iruudum fiom Khasi Hills Joua neighbourhood and old mines on fi'ot 
budda. 

/*a/f — ‘Alt-otk Males’ and llmij juol able ^tolo^;i< il jKbiliOi* Maij^mriJ lorn of uii 

dc.’.rribed toilm^e, from Upper biwaliks, n<Mi Nila, ni l\*twar Punjab G»o)ogy ol 
JNorth Arcot distTiCt. lit ad siotion Irom Mnirco to Abbatiabad. 

Voj. \ili 1880 

Part 7.- Annual rej>ort foi 1879 Gcolo;;y Upper (Jotlavaii basni in i.oighl/mrhood of 
Sironchw. Geology of f>.ul.ik an I iiei^dibouring dmlrids TeiHi of fotail fislnvji from 
J>Ufi<l and Punjab Ko.'S'l gtnei.i ^<^ggel<uhi^, Stbg., N og.ter.it hiopbia. 
Kratm . and JUuptozanntes, Srhnialb., in paln^uzoLC and sccondaiy loiks of Kuropc, 
Abia and Australia. Koji.si) plaiitn fiom. Kuttywar, Shokh Budm, and Sirgujah. 
Volcanic ton of eiuption m Konkin. 

Part & — ^Cieolonical notes. Palmontoh gical notoi on lower tiias of Himalaysb. Artesian 
Pondicherry, and pof'sibilitv of hodiiig sources of v\ i+er-supply at Madras. 

Pint ,s IsuMiaiin Jakes Cell of pibcoldbic Ijpo in Punjab. Palieoutologictit notes 
from Kain.iibin and S<mth R*v i coalfields Correlation of Goudwana floia with 
othei lioi.is VGchJan wdls it Pondicherry Salt in Ttajnutana. Gas and mud 
eruptionb on Aiakan coast cn 32th AJaich 1870 and in June 18%. 

Put [ovt of pnt 1 rieislofcne dsposiU of Nurthoin Punjab, end evidence they afford 
ot ovtiemo climaio duimg portion ot that period. U&eful minerals of Arvali region. 
Corroiaiion of Gondwana Uuia with tiiat of Austtoliaa coal-beat mg bjrMonu Rmi or 
alkali SOI lb and sal me wed wateis. Reh soils of Upper ludtai Naini Tai laiidsHp> 
18th b'opteruboi 1880. 

Voj. XIV, 1881. 

Parc ! Aiirumi report for 1880 Geilogy of part of DardUtan, BaUisiati, and neigh* 
bouiuig districts Siwalik carnivora. Siwahk gtoup of Sub Himalayan region. 
South Hew.ih GordzAua basin. Ferruginous beds associated with basaltic rocks ol 
north Ulster, in i elation to Indian laterite. Rajmahal plants. Travelled 

blockii of (ht Punjab. Appendix t<» * Pabeoniological notes on lower trias of Bima^ 
lavrts * Mammalian fossils ifom Perim Island 

Port ? — Naban Siwalik unconformity in North-Western Himalaya. Chmdwena verte* 
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DISPOSITION LIST. 

D uring the i)oriod under report tlie ollieei.s of the Uoparirneiit 
were employed an follows: 

iSw perintrndmts. 

Dr. L L. FkRmor Returned from the field on the 3jd March 

192^. Olliciated as Director from lOth 
Marcli to the 4th November J 925. Placed 
in cJiarge of the Central Jhovinces and 
Cential India Part-y and left for the field 
on the 19th November 1925. 

Dr. G. E. Pilgrim Remained at headcpiartets and acted as 

Palaeontologist up to the 13tJi March 
1925. Placed in charge of the Punjab 
Party and left for the field on the 13th 
March. Returned from the field on 
the 16th June. Granted combined leave 
for one year and four months with effect 
from the 13th July 1925. 
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IVTit - O. 11. TippeA Continued in charge of office throughout the 

year and alao acted as Falaoontologiat 
with effect from the 14th March 1926. 

Dr. G. de P. OoiTER Ilotnrned from leave on the 14th Dooeniber 

1925. Placed in charge of the North- 
Wcat India Party. 

Dk. J. CucioiN Brown Kettirned from leave on the 17th October 

1925. Plact'd in charge of the Burma 
Party and left for Burma on the 8th 
November 1925. 

Mb. If. Cecil Jones lietuined from the field on the 14th April 

1925. Graut(‘d leave on average pay for 
six months and seven days w'ith eflect 
from Die 8tli May. Iletumcd from leave 
on tin* Kith November. ' Placed in charge 
of the Bihar and Orissa Party and left 
for the fiehl on the 28th November 1926. 

Assisfaiif Hii/x’i hi/cndents. 

Mr. If. Walker . .On combined leave. 

Mr. K. a. K. IIallowus On combined leave. 

Dr. a. M. Heron Beturned to headquarters from the field on 

the 7th May 1926. Placed in charge of 
the llajjHitaua Party and left for the field 
on the 9th November 1926. 

Dr. C. S. Fox Itetumed from the field on the Hth May 

1926. Granted leave on average pay for 
four months and thirteen days with effect 
from the 9th June. Beturned from leave 
and permitted to resume duty at Singa- 
reui on the 31st October. Inspected the 
Singareni coalfield and returned to head- 
quarters on the 4th November. Placed in 
charge of the Coal-fields Party, and left 
for' the field on the 11th November 1926. 
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Bao Bahadur S. Sethu Beturncd to headquartt^ia from field-work 
Raua Hau. in Burma on tlio 26t]i Juno 1925. At- 

taclicd to tho Coal-fields Party in coniiec' 
tiou with tho ro-cxamination of the Bani- 
ganj coalfield. Left for the field on the 
13th November 1925. 

Bao Bahadur M. VJ^A- Boiumed to headquarters from field-work in 
YAK Bao. tho Madras Presidency on tho J21h Ajiril 

1925. Deputed to investigate the alleged 
occurrence of coal at Xamabamudiam in 
Mysore State. Left for the field on tho 
27th May and returned to headquarters 
on tiu! 21th July. Detailed for tho in- 
vestigation of the manganese and kaolin 
deposits in tho Kanara distrirt of the 
Bombay ProMdency and for the continu- 
ance of the geological survey of the dis- 
tiicts of Salem and Noitii Arcot in the 
Madras Piesidency. Left for the field on 
tho 2nd Novcniber 1925. 

Mr. 11. (hiooKSUANK Botuined to hoadqiiartorh fjom the field on 

tho rth May 1925. Attached to tho 
Central Pro^incei> and Central India Paity 
to continue tlio geological suivoy of the 
Clihmdwara district. Left for the field on 
the 22nd October 1925. 

Mu. E. L. 0. CtEGG Placed in charge ol the Burma Party till 

the arrival of Dr. J. Coggiu Brown on 
tho 11th November 1925, and thorcaftir 
attached to that Party. 

Mr. D. N. Wadia Attached to the North-West India Patty. 

Left for the field on the 6th October 
1925. 

Mr. 0. y. Hobson At headquarters as Curator of the Geological 

Museum and Laboratory. 

B 2 
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CiPT. F.,W. Walkbr . Attached to the Burma Party. Killed on the 

20th March 1925. 


Mk. J. a. Durn . Beturned to headquarters from hiS field- 

work in Bihar and Orissa on the 11th 
May 1925. Deputed to examine the 
Khewra salt-mine hill in the Punjab with 
a view to preparing a geological map of 
the area and thereafter to investigate 
the occurrence of aluminous refractory 
materials in Assam Bihar and Orissa and 
Central Inilia. Left for the field on the 
18th October 1925. 

Mu. A. L. CouLSON Returned from the field on the 15th June 

1925. Attaclicd to the Baj^mtana Paity 
to continue the geological survey of the 
Sirohi State. Left _ for the field on the 
27th October 1925. 


Mr. E. J. Bradshaw Bctumed from field-work m Bajputana on 

the I3th May 1925. Left headquarters 
on the 17th July to inspect a fossil tree 
at Asansol and returned on the following 
day. Deputed to examine building sites 
at Bakloh Cantonment and also to report 
on the deep tube-well boring at Ambala 
Cantonment. Thereafter attached to the 
Bajputana Party to continue the geolo- 
gical survey of the Mcwar State. Left 
for the field on the 3rd November 1925. 

Mil. C. T. Barber Beturned to headquarters from field-work 

in Burma on the 25th June 1926. At- 
tached to the Burma Party and left for 
the field on the 8th September 1926. 



General Report for 1925. 


5 


Pabt 1.] 

Mr. E. B. Ger 


Mb. W. D. West 

JIr. a. K. Banerji 

Dr. M. S. Kbishnan 

Mr. P. Leicester 

Dr. S, K. Chatterjeb 


Deputed to inspect the landslips of the 
Kalimpong Division, Bengal. Left for the 
field on the 9th May and returned to head> 
quarters on the 6th July 1925. Attached 
to the Coal fields Party. Left for the 
field on the 9th November 1925. 

Returned from the field on the Ist July 

1925. Attached to the Central Piovinccs 
and Central India Paity. Left for the 
held on the 16th November 1926. 

Returned from the field on the 9th May 

1926. Attached to the Coal-fiedls Paity. 
Left for the field on the 7th November 
1925. 

Returned from the field on the 7tL May 
1925. Attached to the Bihar and Oiissa 
Party; left for the field on the 2nd 
November 1925. 

Appointed Assistant Superintendent, Geolo- 
gical Survey of India ; joined the Depart 
ment on the 5th December 1925 Attach- 
ed to the Buima Party. Left for the field 
on the 16th December 1925. 

Appointed Assistant Superintendent, Geolo- 
gical Survey of India ; joined the Depart- 
ment on the 3rd December 1^6. At- 
tached to the Rajputana Party. Left for 
the field on the 2lBt December. 


Chemist. 


Dr. W. A- Christie At headquarters, 
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Artut. 

Mr. K. F. Watkinson . At headquarters 


Sub-Assistants. 

Mr. B, B. GaPTA Returned to headquarters for recess from 

field-woik in Burma on the 4th September 
1925. Attaclied to the Burma Party and 
left for the field on the 9th November 
1925. 

Mr. D. S. Bitatta- Returned to headquarters .from field-work 
CHARJi. in the Central I’rovinces on the 26th April 

1925 Gianted leave on average pay from 
the 12th August to the 5th September 
1925. Attached to the Central Provinces 
and Central India Party. Left for the 
held on the 18th November 1925. 

Mr. B. C. OupiA Returned to headquarters from field-work 

in f{a]putana on the 3rd May 1925. At- 
tacheil to the Rajputana Paity and left 
foi the field on the 9th November 
1925. 

Mr. Jl. M. Laiiihi Attached to the North-West India Party 

and left for the field on the 18th Novem- 
ber 1925. 

Mr. L. a. Narayana Returned to headquarters from field-work 
Iyer. in Bihar and Orissa on the 23rd April 

1925. Attached to the Bihar and Orissa 
Party and left for the field on the 4th 
November 1926. 


Mr P. N. Mukerjbb, At headquarters. 
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Mb. F. 0. Roy . At headquarters. 

The cadre of the Department continued to bo 6 Superintendents 
22 Assistant Superintendents and one Clieinist. Of the four vacancies 
in the grade of Assistant Superintendent including the one caused by 
the death of Captain F. W. Walker two were filled during the year, 
leaving at the end of the year two vacancies. 

ADMINISTRATIVB CHANOBS. 

Dr. L. L. Fermor was appointed to officiate as Director from 
the 10th March 1926, vice Di. E. H. Fascoe, 
appointment. *" Director, on leave, and reverted to his substantive 
appointment on the 6th November 1926. on the return of the latter. 

Dr. A. M. Heron continued to offieiate as Superintendent up 
to the 13th December 1926, vice Dr. G. de P. Cotter on leave ; he 
was again appointed to officiate as Superintendent from the 14th Decem- 
ber 1925, vice Dr. 6. E. Pilgrim on leave. 

Dr. C. S. Fox was appointed to officiate as Superintendent up 
to the 16th October 1925, vice Dr. J. Coggin Brown on leave and 
from the 17th October to the 13th December 1926, vwc Dr. G. E. 
Pilgrim on leave. 

Mr. E. L. G. Clegg was appointed to officiate as Superinten- 
dent up to the 4th November 1925, vice Dr. L, L. Fermor officiat- 
ing as Director, and from the 5th to the 10th November 1925, 
vice Mr. H. C. Jones on leave. 

Mt. G. V. Hobson continued to act as Curator, Geological 
Museum and Laboratory. 

Dr. G. E. Pilgrim acted as Palawntologist till the 13th March 
1926 when he was relieved by Mr. G. H. Tipper. 

Messrs. E. J. Bradshaw, B. E. Gee and W. D. West have been 
confirmed in their appointments as Assistant Superintendents. . 

The foUowing officers joined the Department during the year 

Mr. P. Leicester, B.A. (Oxon.) ; appointed Assistant Superin- 
tendent with effect from the 6th December 1926. 

Dr. S. K. Chatterjee, M.Sc. (Cal.), Ph.D., D.I.C. (Lond.); 
appointed Assistant Superintendent with effect from the 
3rd December 1925. 
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Dr. E. H. Fascoe was gifted leave on aver- 
age pay for eight months with effect from the 
10th March 1926. 

]>r. Q. E. Pilgrim was granted combined leave for one y^r and 
four months with effect from the 13th July 1925. 

IMbr. H. C. Jones was granted leave on average pay for six months 
and seven days with effect from the 8th libiy 1925. 

Dr. C. S. Fox was granted leave on average pay for four months 
and thirteen days with effect from the 19th June 1925. 

Mr. D. Bhattacharji was granted leave on average pay for twenty- 
five days with effect from the 12th August 1925. 

LECTURESHIP. 

» 

Mr. D. N. Wadia continued as Lecturer on Geology at the Pre- 
sidency College, Calcutta, till the 22nd June 1925 when he was 
relieved by Mr. G. V. Hobson. 


POPULAR LECTURES. 

Popular lectures were delivered in the Indian Museum during the 
year, the subjects selected being as follows ; — 

(1) “ Soda in India ” by Dr. W. A. K. Christie. 

(2) “ Hoads and Hoad Metals ” by Mr. A. L. Coulson. 

(3) “Indian Plateau Basalts” by Mr. H. Crookdiank. 

(4) “ The Origin of the Continents ” by Dr. A. M. Heron. 

(5) “ The Formation of Mountain Hanges ” by Dr. A. M. Heron. 

UBRARY. 

The addiJibns to the library amounted to 4,577 volumes of which 
1,140 were acquired by purchase and 3,437 by presentation and 
exchange. 

PUBLICATIONS. 

The following publications were issued during the year under 
report : — 

Hecords, Vol. LVI, part 3, 

Records, VoL LVII, 
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Records, Vol. LVIII, parts 1, 2 and 3, 

Memoirs, Vol. XXI, jMirt 3 (reprinted). 

Memoirs, Vol, XLVIII, paib 2, 

Memoirs, Vol. I, part 1, 

Palffontologia Indies, New Series, Vol. VI, Memoir No. 4, 

Palajontologia Indies, New Series, Vol. VIII, Memoirs Nos. 
and 3. 

MUSEUM AND LABORATORY. 

Mr. G. V. Hobson was Curator of the . Geological Museum and 
Laboratory throughout the year under report. Babu Purna Chandra 
Roy retained the Assistant Curatorship and 
Babus Austin Manitidranath Ghosh and Dasa- 
ratlii Gupta fulfilled the duties of Museum 
Assistants during the period under review. 

Dr. W. A. K. Christie, Chemist, remained at headquarters through- 
out the year and was chiefly engaged in the routine work of the la- 
Chemist boratories. He published a paper on zeolites from 

Bombay, anoth^ on the chemical denudation of 
the Indus and a third on an occurrence of ammonium fluosilicate 
(cryptolialite) are under preparation. 

The number of specimens referred to the Curator for examina- 
tio ' and report was 789. Assays and analyses were made of 
j t specimens, lire corresponding figures for 

and^ana|y8M. 1924 were 674 and 35, respectively. The sp«.ci- 
mens analysed were largely coals, whose 
calorific value was determined by the Bomb Calorimeter, but included 
manganese ores, bauxite, graphite, celadonite, chlorophaoite, galena, 
lead slags, auriferous jamesonite, gypsum and marbles 
„ . . During the year under review presentations 

.. m« etc. of geological specimens were made to the 

following 

(1) The Bengal Technical Institute, Dhakuria, 21-Parganiis. 

(2) Mr. H. J. Winch, Manager Shivrajpur Syndicate Ld., Panch 

Mahals, Bombay. 

(3) Church Missionary School, Srinagar, Kashmir 

(4) The Museum, Jaipur, Rajputana. 

(6) Central College, Bangalore. 

(6) Uttarpara College, Bengal. 



10 


Records of the Geological Survey of India. [ Vol. LIX* 


(7) ZuTich Universitj; Switzerland. 

(8) Oriental Seminary, Calcutta. 

(9) Muslim University, Aligarh. 

(10) Direccion Estudios Biologicas ; Mexico. 


Tn addition to the above general presentations the following 
specific donations were made ; — 

(1) Specimens of bauxite to Mr. T. V. Madhava Rao, Imperial 

College of Science and Technology, London. 

(2) Pitchblende, monazite, cyrtolite and samarsldte to the Qeo> 

Fh^ sica] Laboratory, Wadiington, U.S.A. 

(3) Specimen of lazuhte-clinozoisite-quartzite with ihnenite and 

rutile to Professor Tilley, Sedgewick Museum, Cambridge. 

(4) Specimen of gyrollte to the Australian Muspm, Sydney. 


The collections received back from the British Empire Exhibition 

Additions to the b®®*^ returned to 

Oeneral Collections. the Geological Survey galleries during the year. 

In addition to the large number of rock and mineral specimens 

„ , , . collected by members of the Department, the 

SpecImeKs received. , • , , . , 

following have been received and mcluded in 

the collections during the year: — 


(1) Briquette of Indian lignite. Presented by Commander 

Heneage. 

(2) Malacon, ilmenorutile, betafite, ampangabeite with columbite, 

samarskite, euxenite, thortveitite tscheffldnite and bastnsa* 
site; all from Madagascar. Presented by the Mweum 
National d’Uisloire naturelle, Paris. 

(3) Cinnabar, galena, tftibnite, copper ore and native silver ; 

fiom Mexico. By exchange with the Direccion Estudios 
Biologicas, Mexico. 

(4) A large and interesting collection of mica originally sent 

to the British Empire Exhibition, now receiv^ back and 
not previously acknowledged. Fresmited by Messrs. F. 
F. Chrestien & Co., Ld., Domchanch, Xodarma ; Bi'Tiat 
and Orissa. 

(3) Materials used in the production of Ferro-tungsten, oiiginall) 
sent to the British Empire Exhibition, now received back 
and not previously acknowledged. Presented by the High 
Speed Steel Alloys Co., Ld., Widnes ; England, 
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(6) Chrome briquette from Bangalore. Presented hy Henrs. 

Oakley, Duncan &, Co., Ld. 

(7) Hollandite from the Shivrajpnr mine. Presented by Mr. H. J. 

Winch, Shivrajpur, Panch Mahals ; Bombay. 

(8) Green mica from Tibet. Presented by H.£. the Tsarong 

Shape. 

(9) Copper ore, bauxite, barite, steatite, bentonite and zinc 

blende from Kashmir. Presented by Mr. C. S. Middlemiss. 

(10) A core of massive haematite from Jamda, Singhbham dii- 

trict. Presented by Mr, F. G, Peroival. 

(11) A block of salt with a cavity containing fluid from Shahpur, 

Punjab. Presented by Mr. J. C. Ferguson. 

(12) Pencil crystals of hollandite Irom Kachi Dhana, Chhind* 

wara district. Presented by Major H. M. Hancc. 

(13) Cassiterite in pegmatite from the Amherst district, Burma. 

Presented by Mi. S. IT. Harman. 

(14) Pieces -of sillimanite crucibles. Presented by Professcr 

W. E. S. Turner, Shelfield. 

(16) Cryptohalite from Baran. Ihesented by Mr. R. G. M. 
Bathgate. 

(16) Green marble from Kharwa. Presented by the Rao Sahib ot 
Kharwa. 

During the period under review specimens of the following 

„ , . ..... meteorites have been received from the British 

Meteorite Collection. ,, i • i j i • h _l- 

Museum and included in our collections : — 

Stony Meteorites. 

(1) Nakhla, Abu Hommos, Alexandria ; Egypt. 

(2) Aumale, Alger ; Algena. 

Iron Meteorites. 

(1) Dalton, Whitfield County, Georgia ; United States of 

America. 

(2) Garhi Yasin, Shik.rpur taluk, Sukker district, Bombay. 

(3) Bischtiibe, Nikolssv, Turgai ; Siberia. 

(4) Santa Catharina ; Brazil. 

The fall of a meteorite was reported to have occurred at Alam 
Bazar near Calcutta between 8-30 and 9 f.m. on the 14th Decembet 
1926, several villagers having testified to seeing an extremely bright 
flash of light cross from east to west and apparently hill at the above 
localily. So far the actual spot has not been located and efforts to 
recover any of the meteoric material have been unsuccessful. 
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Fossil Tree. 


The fossil tree which was tTansporled to Calcutta from Asansol 
at the end of last year has been rc assembled and mounted on the 
verandah outside the mineral gallery in the 
Museum. The tree was originally lai^ out as 
received and supported on wooden chocks. It was soon apparent 
that the alternate dryness and damp of the Calcutta climate would 
result in rapid deterioration; cracks developed between the chocks 
and the pieces threatened to collapse. A continuous cement 
pedestal was accordingly built under the tree from end to end. 
Ea h piece was fitted into place as accurately as possible and all 
cracks and joints pointed with Portland cement ; the whole was 
’then coated with ti’aiisjiarent, waterproof varnish. In this way 
all strain has been taken off the fragment.* and it is hoped that 
the waterproof coating, renewed from time to time, will preserve the 
tree from the effects ol the climate. * 

Dur ng 1925, in the Burma Laboratoiy 42 specimens have' been 

„ . c X received and reported upon, of wh'ch 18 

Burma Laboratory. ^ , ,,,, 

were quantitatnely exam ned. Jhe corres- 

ponding figures for 1 924 were 45 and 3 respectively. 


PAL.CONTOLOQY. 


Dr, G, K. Pilgrim continued to act as Palaeontologist until he left 
for the field in March. Mr. G. 11. Tipper then took over the duties of 
the post and continued to act for the remainder of the year. 

During the year under review the following Memoirs have been 
published in the Palceontohgia Indica : — 

(1) C. Forster Cooper : “ Anthracotheriidee of the Dera Bugti de- 

posits in Baluchistan ” Memoir No. 2 of Vol. Vlll of the 
New Series. 

(2) G. E. Pilgrim : “ Perissodactyla of the Eocene of Burma 

Memoir No. 3 of the same volume. 

The first portion of the late Mr. E. W, Vredenburg’s monograph on 
the Mollusca of the Post-Eocene deposits of North-Western India has 
appeared in Memoirs, Vol. L, part 1. Tlte second portion is almost ready 
for issue. The delay is due to the unfortunate disorder in which the 
collections were left ; this has now almost been rectified and most of the 
missing types have been traced. The following papers of palceontolo- 
gical interest have appeared in the 'Records > 

(1) A Fresh-water Fish from the Oil-measures of the Dawna hills,” 
by the late Dr. N. Annandale and Dr. Sundar Lai Hora, 
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(2) On a fossil Ainpullariid from Poonch, Kashmir/’ by Dr. B. 

Prashad. 

(3) “ On a calcareous alga belonging to the Triploporelloos (Dasy- 

cladaceea) from the Tertiary of India,” by John Walton. 

(4) “ Notes on Cretaceous Fossils from Afghanistan and Khorassan,” 

by the late H. S. Bion. 

In the last Genei^l Report reference wa.s made to the work of Dr. 0. E. 
Pilgrim on the fossil Suidse of India. The description of them has been 
completed and is now ahuost ready for issue. With twenty plates it 
will form Memoir No. 4 of Volume Vlll of the PaloontologiaIndica.Nevf 
Series. The same author also has in hand a description of the Siwalik 
Carnivora and Antelopes. 

Before his lamented death in 1915 the late Mr. Bion liad written 
a description of the fauna of the Agglomeratic Slates of the Kashmir 
valley. To this Mr. C. S. Middlemiss has now supplied an introduction. 
This paper, embodying an account of the fauna of one of the most in- 
teresting geological horizons in Kashmir, illustrated by eleven plates and 
a geological map, will be ])ubli8hed in the Pula'ontologia Itidica. 

Dr. L. F. Spatli has submitted two fasciculi of his revision of the 
Jurassic ccphalopods of Kachh. In addition to Waagen’s original types, 
he has in his hands a mass of very valuable material collected by 
Mr. J. H. Smith, and very kindly jucsented by that gentleman to the 
Geological Survey of India. The whole of Dr. Spath’s work will finally 
form an authoritat ive account of a very rich collection. 

Dr. Cowper Reed has described the numerous fossils from several 
horizons, Palaeozoic and Mesozoic, collected by Di . Coggin Brown during 
his journeys in Yunnan. A provisional list of these has already appeared 
in the Records, voliune LV, part 4. 

M. Henri Douville, to whom the collections frojii the Cardiia Beaumordi 
beds originally sent to M. Cossmann were transferred, states that he has 
almost completed his descriptions, ilis account of the fauna of this well- 
known horizon of North-Western India is awaited with much interest, 
and will appear in the Pakeonfologia Indira. The same author has also 
prepared two short papers on some Cretaceous fossils collected by the 
late Mr. C. L. Griesbach (rom Herat and by the late Bir Henry H. Hayden 
from Chitril and Gilgit. These papers will shortly appear in the 
Rjecords, 

Major L. M. Davies has prepared two descriptive papers, the first 
dealing w.th two new species of the echinoid genus, Conoclifpeus, and the 
second wich the foraminiferal genus, ComUites, and some of its spedes. 
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These papers are the result of investigations, extending over a considerable 
period into the geology of the neighbourhood of Kohat and the Samana 
range. Foraminifers also form the subject of a paper by Mr. W. L. F. 
Nuttall, who writes uu ‘‘ the Zonal distribution and description of the 
lai^er foraminifera of the Middle and Ijower Kirthar Series (Middle 
Eocene) of jiarts of Western India,” giving stratigraphical details, of the 
deposits, the distribution of the foraminifera, the age of the beds as 
determined from the larger foraminifera and palaeontological descrip- 
tions. The paper appears in the present number of the Records. 

For continued assistance in palaeobotanical questions, the Depart- 
ment is indebted to Dr. B. Sahni, Professor of Botany in the University 
of Lucknow. He has examined the majority of the specimens of bota- 
nical interest submitted during the past year and is still engaged on im- 
described material collected during recent years. In last year’s report 
mention was made of the discovery of a fossil tree trunk of large size in 
beds of the Panchet stage near Asunsol. This year another rimilar 
discovery has to be iccorded. This new trunk is only fifty feet long and 
hence considerably shorter than the previous one ; >t is, however, of equal 
girth. The trunk has been brought to Calcutta. The Department 
is once again greatly indebted to the authorities of the East Indian Kail- 
way for their assistance in handhng and transporting this large mass. 
Unfortunately the trunk is in a very broken condition and its restoration 
will require time and care. Bo tar as can be judged from a cursory ex- 
amination the tree belongs to the same genus, Dadoxylon, as that of the 
specimens discovered last year. 

In general the fossils submitted for examination during the year were 
not of great interest, although some of them, e.g. foraminifera from 
oil borings, may entail considerable research. 

Amongst the more iiot.ceable specimens was a fossil egg discovered 
by Dr. N. L. Sheldon, Chief Inspector of Explosives in India, and an 
enthusiastic collector. This interesting object was found in a patch of 
soft sandy clay in the Bed Bed ” of the Yenangyaung Oil-field, due west 
of the most northerly well of the Burmah Oil Company. Dr. Sheldon 
recognised the value of his find and was able to extract the whole patch 
which was brought to Calcutta. Luckily the sandy day disintegrated 
readily in water and hence the shell fragments were easily obtained 
without further damage. The shell was badly broken but taking due 
regard of the curvature of the fingments, it has been possible to form a 
very fair reconstruction on a mould of plasticine, about two-thiids of the 
shell being preserved. The ^ is about 2^ inches loi^ by broad and 
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is l-incli thick and is flattened longitudinally. Mr. Tipper, who under- 
took the examination of t ho egg, finds that*in appearance it is reptilian, 
but that none of the recent reptilian ^gs with which it has been com- 
pared shows the flattening to the same extent ; this flattening may be due 
to crushing. Sections of the shell show, according to Mr. Tipper, that 
the structure is distinctly reptilian in character but not identical with 
any recent reptilian genus. This comparison was made possible by the 
Director of the Zoological Survey of India who kindly provided eggs of 
crocodiles, lizards, tortoises, and various birds. The ^ffercnces in struc* 
ture seen may be partly due to secondary changes during fossilisation. 
A portion of the membrane was seen to be present but this had lost all 
trace of distinctive structure. From their very nature fossil eggs are 
necessarily rare objects, and this discovery is one of considerable 
interest. 

Another discovery of interest, made by Major L. M. Davies during 
his work in the Samana range, consisted of a number of Cretaceous fos^ls 
from an horizon hitherto unknown in India. Amongst the specimens 
are several examples of DouvtUeiceras mammilhlum in a good state 
of preservation, the identity with the European form being complete. 
Amongst the other Ammonites are species of the genera Acanthoceras 
and Hoplites, and several uncoiled Ammonite species. Amongst the 
echinoids the genera, Discoidea and Cardiasler, are represented, the 
former by a species close to hemispherim. Gastiopods lamellibrauchs 
and brachiopods also occur. The matrix is a hard, rather coarse 
sandstone and the state of the fossils is poor. In spite of this there is 
little doubt that they are from an horizon new to India and that they are 
of Gault age. 

On his way back from the Khybcr, Dr. Fox found some large 
blocks of yellow sandy limestone near Jannnd. They are thought 
to have come from the limestone scarp east of Sliahgai. The interest- 
ing point about them is the fact that they are fossibferous and contain 
Produettis and Spirifer, which have been identified by Mr. G. II. 
Tipper as indicative of a Devonian facies. 

During the year collections of fossils wore presented to various 
Universities, colleges and schools throughout India. Casts of many of 
the principal £Swalik vertebrates were prepared and presented to museums 
abroad. The'libiaty and collections of the Geological Survey have been 
used extensively by private geologists visiting Calcutta, to work out 
their own oolleorions ; as in the past every endeavour has been made 
to Bssiiit them. 
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Sub-Assistant H. M. Lahiri rendcredjvaluable assistance in the work 
of sorting and classifying the material left by the late Mr. Vredenburg 
and in other ways. Since November his place has been taken by Sub- 
Assistant P. N. MukherjL 


MINERALOGY. 


During a visit to the Barari Colliery in the Jharia coalfield, Dr. 
Fennor noticed, on the surface of a collapsed area where seam No. 16 

Cryptohalite and underground aud where smoke was 

fluorite from the coal* escaping at the surface, two efflorescences, one 
******* yellow and the other white. The yellow, which 

was in arborescent growths, proved to be native sulphur as expected. 
The white efflorescence was of greater interest, however, for it 
proved to be cryptohalite, a mineral hitherto, recorded only from 
Vesuvius. Cryptohalitc, which is ammonium silicofluoride, 2NH4F.SiF4, 
occurs naturally, both amorphous and crystallised in the isometric 
system ; .n addition a hexagonal form has been prepared arti- 
ficially. According to Dr. Christie the material from Barari contains 
all three forms. Kb tlie formation of this mineral suggested a combina- 
tion of ammonia fiom the coal with fluorine from the mica-apatite- 
peridotite dykes, which arc to be seen underground at Barari, Dr. 
Fermor revisited Barari and found that the efflor^cenco occurs by the 
side of a weathered outcrop of a mica-apatite-peridotite dyke on top of 
an uncollapsed pillar of the mine, and that both efflorescences are 
deposited from a white smoke immediately at its point of issue from the 
hot ground. Judgiug from information obtained from Mr. Bathgate 
of the East Indian Coal Company, to whom we are indebted for the 
collection of further supplies of cryptohalite, the carbonaceous shales 
overlying the coal seam are also on fire, it is possible, therefore, that 
these slmles, rather than the coal itself, are providing the ammonia. 
At Barari, at any rate, we have an imitation of one of the phenomena 
of vulcanicity, for a burning coal seam is producing a result hitherto 
achi jved in Nature only by Vesuvius. 

Some years ago fluorite was found by Dr. Fermor in both the Tal- 
chirs and the granulites of the Bokaro coal field. It was obvioiufiy an 
added mineral, but its source was unknown. The Barari indication 
of fluorine in the mica-apatite-peridotite dykes and the fact that these 
dykes in the Bokaro coalfield are almost invariably weathered at the 
surface now lead to the suggestion that a portion of the fluorine removed 
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in the course of this weathering may have found a resting place as the 
fluorite of the Talchirs and.granulites. When it is remembered that in 
other coalfields also these dykes arc similarly weathered other occurrences 
of fluorite may be anticipated in the Gondwanas. 

Near CMkhla in the Bhandara district of the Central l^rovinces Dr, 
Fermor some time ago collected a curious rock containing two minerals 
. that were doubtfully identified as sapphirine 

Ceotral Province*. enstatite.' The blue mineral is in grains 

too small for separation in suflicient quantity 
to render possible a chemical analysis, but Dr. Christie has succeeded 
in determining sufficient of its optical properties to indicate that the 
mineral is lazulite. This was confirmed by a micro-chemical test for 
phosphorus. By immersion methods the luineml was found to have 
the following refractive indices : a =1‘616, p =1 636, y =1 646 (all 
± 0‘003) in sodium light. The nuneral is optically negative. By heavy 
liquids the specific gravity was found to be 3'17. Both refractive indices 
and specific gravity are higher than those liithei to recorded for lazulite ; 
this probably indica^ the presence of a somewhat greater percentage 
of iron than usual. This is not the first record of lazulite in India ; if- 
had previously been found in Kashmir. The other mineral Dr. Christie 
found by similar methods to be e ther clinozoisite or kyanite. 

Dr. Fermor has been able to confirm the genetic relationship that 
appears to exist between chabazite and chlorojihadte, in the basalt 
of the Deccan Trap. In a doleritic flow rich 
in cliloroplueite near Fipla in the Chhindwara 
district, it was found jmssible to detect iui.nute 
chabazite crystals in cavities left after the brittle chlorophaeite had 
been shaken out. Chabazite has now been found in this relationship 
to chlorophseite at three different localities, Bhusawal, Nagpur and 
Fipla. As chlorophseite is a coimuon mineral in the Deccan traps it 
seems likely that chabazite will also prove to be widely distributed in 
this formation. 

As has already been recorded Dr. Christie found one of the zeolitt s 
obtained firom the Bhusawal boring to be ptilolite,’^ this being the first 
Mil iM II. n record of this mineral in India. Mr. Ckook- 
Trsp,* • “ « wcsii found this mineral to be of 

common occurrence in zeohtic specimens from 
the Pipla tract of the Chhindwara district, and it seems not unlikely 


Chabazite in Oeccan 
Trap basaits. 


1 Mm. OeoL 8urv. Jnd., VoL XXXVfl. p. 767. 

•Sic. Ged. Son. iiut., VoL LVm,,p. 162, 

O 
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thatptilolite is widespread in the Deccan Trap formation as the common 
fibrous zeolite. 

Tibet 

During the year preceding h'S death in 1923, Sir Henry Hayden, 
l»ito Director of the Geological Survey of India, carried out, 
at the invitation of tlu; Tibetan Government, a reconnaissance 
survey of the country to the north-west of Lhasa. With the kind 
permission of the executor to his will, Mr. A. A. Vlasto, 1 took the 
opportunity, while on leave last year, of making a careful Search 
amongst Sir Henry Haydeit’s papers, in the hope of discovering 
some written account of his scientific researches and, more especially, 
any geological map recording his results. Most unfortrinately, 
neither one nor the other could be found. As it was his intention 
to offer the results of his scientific researches for jiubjicatiun in the 
Records of his old department, 1 propose to attempt, with the 
help of my colleague, Mr. G. U. Tipper, the difficult task of con- 
structing a paper out of his field-notes, which, fortunately, have 
come to light; this jiaiier will ajipcar shortly in the Records. 

Both from a scientific and an economic point of view, Hayden’s 
results were somewhat disappointing, but they none-the-less fonu 
a most v.iluable addition to our knowledge of the geology of a diffi- 
cultly accessible area of the central Asian highlands. The recon- 
naissance was a Continuation of his survey of the Tibetan provinces 
of Tsang and C carried out in 1903-01 and comprised the following 
itinerary. 

Sir Henry Hayden was accompanied by the Italian guide, Ceeare 
Cosson, who was afterwards killed with him in Switzerland, and by an 
Indian surveyor, Gujjan Singh, supplied by the Survey of India, who 
has produced an excellent and valuable topographical map of the 
country along the route followed. The party left Lhasa on the 
loth of May 1922, and proceeded m a W. N. W. direction to a large 
lake known as the Kya-ring Tso, the south-eastern edge of which 
is just under 190 miles from Lhasa. The route followed the ascent 
of the Kyi Chu valley to the snowy range in which it rises and which 
includes the peak of Nycn-chen-thang, over 23,000 feet high. The 
snowy range was found to consist of granite, and the rocks inter- 
toning between this and Lhasa included a series characterised by 
large ocouneuces of rhyolite unconformably overlying quartzite 
and shale. The snowy range was crossed vid the pass known as 
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the Go-ring La (19,000 feet) — in apitc of a “ very bad road up to gla- 
dder — over granite boulders all the way,” and an “ intense ” wind 
all the way down from the Go-ring La in a march of from 20 to 
22 miles. The path then crossed two rivers, the Tri Chu and the 
Ngang Chu, followed the valley of the Nya-tsang-aung-ngo, skirted 
the hills S. E. of 8hen-tsa-l)zong, and passed through that town 
to the lake mentioned. From the Kya-riug Tso the travellers 
worked westwards, passed the Ngang-tsi Tso and its satellite the 
Phung-pa Tso, to another lake, the Tang-ra Tso. This was tlieir 
farthest point from Lhasa, being distant some 290 miles as the emw 
flies. 

The rocks between the Nyen-ehcn thang range and the Tang-ra 
Tso consisted almost entirely of two tv])es, a grit series not unlile 
the Gondwanas and a limestone which a]>pearcd to be of I’ermo- 
Carboniferous age. One or two jiatchcf, of I’ertiary strata were 
seen, in one of which some impure coal w'ns insfietted. 

Similar rocks were encountered on the way back by a slightly 
different route to Shou-tsa Dzong. From the latter town a noith- 
eastem direction was followed between the large Irtke Tso-zi-ling 
and the smaller lake Pang gok 'J'so as far as ]ihum-j)ho. The first 
half of this section of the journey, o\cr hilly country, consisted 
mostly of the limestone, with smaller exposures of the grit seri<‘6 
and one or two tongues of granite. The latter half traversed allu- 
vium, with here and there low hills of Tertiary rocks protruding. 
At “ Limba,” which almost certainly corrcsjionds to the Lhum- 
pho of the map, a fine dome of Tertiary rocks was seen with a vein 
of asphalt about 8 inches thick in the centre. Such a structure 
and seepage would, in a more accessible situation, offer consider- 
able attraction to an oil company. 

From Lhum-pho, which is about 190 miles N.N.W. of Lhasa, 
A somewhat sinuous route was followed back to the latter city jiast 
the smaller Pam Tso and the large lake of Nam Tso. The rocks 
as far as Phong-do Dzong were found to consist of the grits, with 
patches of limestone and bauds of granite. Between Phong-do 
Dzong and the capital city the rhyolite series was again crossed, 

ECONOMIC ENQUIRIES. 

Building Materials. 

See Limestone. 
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Cement Materials. 

3ee Limestone. 

CoaL 

The authorities of Bamra, one of the Feudatory States of Bihar 
and Orissa, suspected the presence of coal in the south of the State. 

R.«r. «... Ru... investigation by Mr. H. Cecil Jones, 

and Orissa. however, failed to reveal any sign of tins 

mineral. 

Whilst making a general inspection of collieries in the Bench 
Valley coalfield, Chhindwara district, Central Provinces in 1924, 

Pencil Valle • Cen opportunity to obtain 

iral Provinces!^ ’ * ' a number of coal samples from,tho various pits. 

These samples were subsequently analysed 
in the laboratury of the Geological Survey and the results submitted 
at the beginning of the year under report. 

As a result of these samjding operations and the analyses it is 
fotmd that tlio coa].s have a calorific value ranging from 0,616 B.T.U. 
down to 6,226 B.T.U. and that whilst the coalin the central portion 
of the field, which has been exploited to the greatest extent, is 
all non-coking coal, that in the western ^lart of the field yields a 
hard coke. As one passes west, also, the seam worked is thicker and 
on the whole of a somewhat better quality. 

The data on which to base any estimate as to the quantity of 
coking coal available is extremely meagre. Coal which gives a 
hard coke occurs on the east bank of the Kanhan Biver and again 
near Ghorawari to the oast ; between these two localities no sample 
could bo obtained and a conservative estimate of the lateral extent 
of this coal would bo two miles. East of Ghorawari the coal appears 
to yield a softer coke such as that obtained from near Kothideo and 
Kolia, and its lateral extent is increased by at least another two miles 
This area is marked by a series of east and west faults which con- 
tinually bring the strata up to the north but there appears to be a 
falling off in quality. As a conservative estimate Mr. Hobson considers 
that a distance of 750 feet to the dip may be taken as the width 
of exploitable coal-bearing land, though no borings have been 
put down to tost the coal on the dip side. The dip whilst 
steeper than in the central part of the field should admit of working 
this distance to *the dip. In three pits the seam is worked for a 
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thickness of from 6 to 8 feet and the full thickness is stated to be 
from 9 to 20 feet. A figure of 10 feet may bo taken for an esti* 
mate. U.sing this data the calcukted total resorvoe of coking coal 
work out at 3,150,000 tons for each class or a total of 6,300,000 tons. 
The hard coke, derived from coal with an ash content of 17 to 19 jkjt 
cent,, is not pure enough to be used by itself for metallurgical pui« 
poses. The coal yielding the softer coke has an ash content of 19 to 
19J per cent. 

Development work in the western pait of the field is not yet 
very far advanced and only three samjdes could be obtained from 
this section. The mean analysis of these three samples, aii>dricd, was 
as follows: — 


Moisture . 
Volatile matter 
Fixed carbon 
Ash . 


2-26 per rent. 
2900 „ 

60-34 „ 

18-40 


From the central section of the field seven samples were obtaimd 
having appTo.ximately the same analysis, the axerage of an air-dried 
sample being as follows : — 


Mnieturo 
VolaUle matter 
Fixed carbon 
Ash . 


7-86 per cent. 
29-64 „ 

44-41 „ 

18-00 


At the time the samples were taken simple field coking experi- 
ments were carried out to see whether the freshness of the coal had 
any appreciable effect on its coking propcities. In some cases a 
slight caking effect was obtained in the field and not in the laboratory 
but on the whole these tests showed that, if the freshly cut material 
gives a coke, then coke is also obtained in the laboratoiy at a consider- 
ably later date. It is proposed to publish the results of this work 
in exlenso shortly. 


The possibility of finding coal near Eamasamudram, a railway 
statiop on ^ the Madras and Southern Mahratta Bailway, seems to 
have impressed the Mysore Durbar to such 
an extent as to lead them to put down borings. 
A sample of shaly coal reputed to have 


Kanuttamadram ; 
Madrai. 
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oomo oat of one of tho borings, was forwarded to the Geological Survey 
and yielded on analysis : 


Bfoifltiire v 
Volatile matter 
FiJEed oarbon 

Aah • 


1*85 percent. 
41-90 M 
30-76 ,, 


25-49 




The material caked strongly, giving a dark brown ash. The 
Mysore Durbar, who do not seem to have consulted their own ex- 
cellent Geologioal Department, eventually railed in the services 
of Major llanoe.und at his suggestion appealed to the Geological 
Survey of India. Mr. Vinayak Rao, who was deputed to investi- 
gate the matter, confirms Major ilance’s opinion that there arc no 
Gondwana rooks in tlie neighbourhood, and thaj; no coalfield is 
likely to bo found. 


Copper. 

A trace of copper ore was noticed in association with galena on 

the hill 2 miles 5 furlongs N.E. of Kyatpyc, in tho Yamethin 

« .... . district of lJ]»per Burma. Jt does not appear 

Yamethin dbtrict ; ^ , • i i 

Burma. to be or any commercial value us an ore 

of copper. 

Old pits for copper were noted by Mr. A. L. Coulson in Btmdi 
State, Rajputana, at Ncagaon (25°30': 75®,34:') : 2 miles west of 
Narenpiir (25'’28': 75°32'), and one mile 

puianL * * ’ north-west of Gudha (25‘’3 1': 7C°28') but tho ores 

on prospecting were found to be not worth 
working. 


Engineering Questions and Allied Enquiries. 

At the request of the Executive Engineer, Ranchi, Mr. J. A. . 

Bridge Foundations ; deputed to report upon several bridge 

Ranchi district, Bihar foundations on the Ghagra-Simdega section 
and Orissa. • Ranohi-Sambalpur main road. 

The whole of the area is composed of the Chota Nagpur granite 
gneiss in general a hard and dense rook, but occasionally some* 
what sheared, in which case surface decomposition may result in a 
soft, easily disintegratiog material. The granite-gneiBs varies {tom 
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a ooarso to a quite fine-grainod rock, aud ia occasionally penetrated 
by pegraatitic veinp. Inclusions of o})idioiite, varying to horn* 
blende schist, and of folspathic schist are rare. The coarse-grained 
granite shows a tendency to decompose and disintegrate mure rapidly 
than the fine-grained. 

The Banki Nadi —mile 21 J from Lohardaga. The river here averages 
about 50 yards wide, 'flowing in the thick alluvium a portion of which 
connects the two south-flowing tributaries between which the road 
crosses the river. In order to avoid the construction of more than 
one bridge the bridge site must be limited to the stretch of river 
between these tributaries. To the west of the present road the 
alluvium in the -river bed is apparently of some depth; the high 
banks with the bad lauds^ on the south side would jierhaps point 
to its being quite considerable. At the present crossing tests have 
not disclosed any rock down to a depth of IG feet. 

Between the present crossing and the Satbaliini Nadi to the east 
Mr. Dunn reports there arc two possible sites, one some 200 yards cast 
of the crossing and another at the north turn of the meander imme- 
diately to the east. About 200 yards oast of the crossing there is a 
s'liall outcrop of granite-gueihs on the south bank of the river. This 
rock is somewhat decomposed immediately at the surface, but only to 
a very shallow depth, the granite below being a liurd fine-grained 
material. The surface of the granite slopes to the N. of N.N.F. 
at an angle of about 10". In consequence it seems likely that the 
depth of the granite surface would considerably increase towards the 
north bank. This would have to be tested. Of the two site.> this is 
the more favourably located, as the river hero is fairly straight and 
whatever current there is would swing against the south bank where 
the hard rock is at the surface. This site would also require the 
least diversion of the present road. 

At the alternative site at the north bend in the meander there is 
a line of granite-gneiss outcrops extending almost across the riv'r 
except on the north bank itself, but as the river is still cutting into 
this bank farther east it seems very likely that the granite will be 
at a very shallow depth. The river is here quite narrow. The 
abrupt turn in the river will throw a strong current against the north 
bank, but fortunately the site is just on the west or upstream side 
of the actual bend. 

Streams between Oumla and Palkot. In all the streams between 
Gumla and Palkot there are good granite outcrops close to the 
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present road. Whore decompoiied at the surface, the granite should, 
of course, be excavated for a few feet in depth. 

River 4 miles south of Palkot,—The river in this neighbourhood 
IS about 60 to 100 feet wide. At the present crossing* it is about 
100 foot wide, the bank being about 3 feet high. Tests have shown 
that the alluvium extends down to a depth of at least 12 feet. At 
this site there is no sign whatever of any granite cropping out. Gra- 
nite was found by Mr. Dunn in the river bed over ^ mile to the east, 
but a site so far away would mean a very long diversion of the 
road. About 300 yards west of the present crossing, however, granite 
crops out on the south bank. At this place the south bank is as 
high as 10 feet, the north bank being only 3 feet. In the centre of 
the river bed tests have shown the depth of the alluvium to be at least 
6 feet. From the rapid slope of the granite surface on the south 
bank, the depth of alluvium may be considerable. The river here 

is only about 60 feet across. It is not possible to state the precise 

depth of the granite below the alluvium on the north bank, but it 
is proposed to wash-bore. 

River 2 miles south of the previous loccdUy, and just north of Prjenga. 
At tne present crossing there is a small outcrop of granite in the 
centre of the river bed, but the alluvium is apparently quite thick 
on either side. A little farther upstream, however, fine fresh 

granite crops out across the river, and would afford the best bridge 
foundations. 

Small stream at mile 74\ on the Kolebira-Biru section. The 

stream is a small tributary of a branch of the Halwai Nadi. The 
old culvert, built on sandy alluvium, was swept away by floods 
owing to insecure foundations. Downstream, only sand and loam 
occur in the stream bank. About 260-300 yards upstream, however, 
.loine granite was noted by Mr. Dunn crossing the stream-bed, 
and this should take any culvert quite well. It is rather far 
upstream for a good road-gradient in this hill-section, and the 
Engineer proposes to wash-bore at the present site: Mr Dunn, 
however, thinks the depth of alluvium may be considerable. 

The Halwai Nadi, 2 miles S.S.W. of Biru. To the west of the 
present crossing only alluvium is mot with as far as the Palamara 
River and there is no suitable bridge site. At the crossing itself, 
just on the north side, is a very small outcrop of granite, but in the 
river and on the south bank there is only aUuvium which is 
apparently quite thick. The stream here is also rather wid§, 
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East of the present crossing, however, granite was found crop* 
ing out on both sides of the stream and about 14 miles upstream 
there is a very favourable spot where the width is only 200 feet. 
The granite here on both banks is described as fairly fresh. The 
bed of the stream between the banks is in thick alluvium, but 
the irregular character of the denudation of the granite makes it 
impossible to estimate what the depth of the alluvium may be ; it 
may be 20 feet, perhaps more, and the surface of the granite below 
may be decomposed for 3 or 4 feet or more. The central pier would 
naturally have to go to the granite surface, and only excavating 
or boring would show the depth of this. With such a depth of 
alluvium there should be no danger of scour on the actual founda- 
tion even with the very strong current which is said to come down 
this stream after heavy rain. 

Khunti Toli Nadi, 2 miles farther south, iust north of Baf^m 
village. Only alluvium occurs at the suggested site. Granite 
occurs on the rise close to the village 200 yards to the south, and 
there is also an optcrop some distance up the southern fork of the 
stream to the east. There is, however, never much water in the 
stream, and the alluvium seems quite firm and shows no tendency 
to scour. The banks are quite high, showing as much as 16 feet 
of alluvium and the depth of the latter may be well over 20 feet. 
The engineer proposes to wash-bore in case granite may be met 
with at a shallow depth, but it is thought that, with duo precau* 
tions the two culverts necessary might be quite safe on the alluvium. 

Mr. Dunn concludes his report by remarking that throughout 
the length of the road examined the granite should make excellent 
foundations. The surface rock is generally somewhat decomposed, 
and where directly subject to a strong current is likely to scour, 
but if the foundations are sunk about 2 feet into the fresh rock this 
would be avoided. Granite below alluvium, it must be remembered, 
has been subject to decomposition by the overlying water, but 
no removal of the decomposed material by scour has been possible. 
All piers, therefore, must be taken through this decomposition 
zone and well into the fresh granite. 

At the request of the Deputy Commissioner of Singhbhum, 
Mr. J. A. Dunn was deputed to report on the location of a proposed 
Daniflte; Chkan* ^njai Biver immediately to the 

kata, Slmluiiinn db* east of Ghhankata village, a little over a mile 
irici, Blhsr end 0|lm< Sonua, 
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About I nii'e to the N. W. of Sonua village is a large tank, along 
the land on the south side of which runs* the Sonua* Jate road. 
An old trench cxtcn'^s in a north-westerly direction from the tank to 
the river, and it is immediately on the south side of the point where 
this trench meets the river that it is proposed to erect the dam. 
The height of the proposed dam will be from 16 to 17 feet. It is 
proposed to divert the flood waters of the Saujai into the tank 
for the purjMBe of irrigating the land to the south. 

In the bed of the stream at the site of the dam is an outcrop 
of a peculiar indurated shale. With the exception of two or three 
very small quartz veins no more than ^ inch wide, the took is uniform 
throughout Jind practically devoid of joints or fissures. The cleavage is 
very slight and dips 15° E. of N. at about 80°. The rock is 
considerably contorted here and there, but its homogeneity and 
poor cleavage prevent this from being a drawback. 

Mr. Dunn notes that the strongest foundation will, of course, 
be obtained by an alignment parallel to the direction of the cleav- 
age, hence slightly askew to the direction of the stream above the 
toe of the dam. The dip of the cleavage is upstream ; tliis is also a 
favourable feature both in regard to the impermeability of the founda- 
tion and the direction of thrust, llie rock itself, although indurated 
and dense, is not as bard as might be hoped, and if the proposed 
structure were to be of any considerable height with a high pressure 
on the foundation, the site would be unsuitable. But as the height 
of the structure is to be about 17 feet only, and the maximum 
pressure about 5 tons per square foot, the strength of the rock 
is probably considerably more than is reijuired ; it is suggested 
that this opinion be confirmed by a test. There is no likdihood 
of scour. 1^. Dunn notes that the northern 10 feet of the outcrop 
of shales in the stream-bed are rather more highly cleaved and 
fissured than the remainder of the outcrop, and for this reason 
thinks it would be advisable to keep the toe of the dam this distance.' 
downstream from the north edge of the outcrop , 


Mr. W. D. West was deputed to advise on certain questions 
regarding the reservoir in course of construction at Maniari in the 
Manlarl reservoir; district of the Central Provinces. A 

Bllaspur district, Cen* waste-weir site has been chosen at the S. W. 
tral Provinces. reservoir, and information was 

required as to (t) whether sound rock is likdy to be obtained at a 
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teasonable depth under the soft and crocked rock at the left (east) 
fliHilr of the weir, and if so at about what depth; and (ii) whether 
there is any reason to suppose that the rock in the centre and right 
flanlf of the weir is not entirely sound and is not connected with 
the solid stratum of rock which appears to underlie the whole area. 

The site chosen for the waste weir is a small B 2 )ur of granite 
running out into the alluvium in an easterly direction from the 
main granite hills on the west. It is bounded on the south by 
thick alluvium, and on the north by a small stream running east, 
which has cut its way down into rather altered granite. 

Doubts as to the soundness of the site liave arisen owing to the 
fait that the rook at the eastern end of the spur is of a different 
nature from that forming its centre and western end. Examination 
has shown that the former is an acid variety of the granite, differing 
chiefly in the comjdete absence of mica. In addition it has a 
somewhat fissile structure giving it a bedded ap 2 )carance with a strike 
about 76°E. of S. 

The junction between the two tv'])(6 is quite apparent, and, 
owing to the fact that the upper surface of the true granite slopes 
to the east and that the eastern end of the spur is somewhat higher 
than the centre, there has arisen the idea that the true granite 
dips under the acid variety in the manner of a si rati fled sedimeu' 
tary deposit. The granite and its acid variety being igneous rocks 
there is no particular reason to expect that it may continue to 
dip eastwards under the acid variety at an angle the same as the 
surface slope ol the granite as seen on the top of the hill. The 
latter is a purely denudation effect. It is much more likely that 
the jimction is quite irregular ; it may apjiroach verticality. 

To the east of this granite spur is the Maniari river, which passes 
mainly through alluvium but also reveals some granite. Further 
east still, however, is a narrow line of rock standing up out of the 
alluvium and running about 75 W. of N., a direction which is exactly 
in line with the acid rock at the end of the sjiur. Moreover it is 
of precisely the same rock with the same fissile structure, and, 
although it is not seen in the Maniari river, there can be httle doubt 
that the two were once connected in the form of a long dyke cut- 
ting the granite. 

An importMit point about this dyke rook is noted by lib. West . 
At the top of the eastern end of the spur the rock is seen to be 
txaversed by a fine network of veins of quartr, and the same feature 
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is seen in the continuation of the dyke to the east of the river. It 
is clear that this is due to the rock having been badly crushed at 
some time, the fractures being subsequently sealed up by quartz 
deposited in them, as is commonly the case with crushing due to 
faulting. 

The rock thus suffers from two weaknesses, the fissile “ bedded ” 
structure, which is parallel to the length of the dyke and may have 
had some connection with the way it cooled ; and this later crush- 
ing, which, although subsequently sealed up by vein quartz, will 
always be a source of trouble. 

The rock, therefore, as already recognised by the engineers, is 
eminently unsuited for the construction of part of a weir, and, what 
is of particular relevance, it has been shown that both these weak- 
nesses occur in the rock throughout its length, so that should the 
acid rock on the hill continue in depth, as is most probable, there 
is little likelihood that it will change into rock without these 
weaknesses. 

It appears that if sound rock could be reached at or above B.L. 
1160 then the present design and position of the weir could still be 
retained. As already pointed out, the slope of the top of the sound 
granite cannot be regarded as necessarily continuing thus beneath 
the unsound rock, and a careful examination of the north and south 
sides of the hill certainly suggests that the unsound rock continues 
in depth to below the 1160 limit, although the evidence is not ab- 
solutely decisive. Stronger evidence is afforded by the eastern end of 
the spur. All down this side the unsound acid rock can be seen 
actually in place, the lowest point being about B. L. 1130 or 1126, 
although of course it may go lower, and the whole of this would 
presumably have to be excavated. Thus there seems no chance of 
the required conditions being satisfied. 

Mr. West has, therefore, recommended that further excavation 
at the eastern end of the weir site be stopped and the site moved 
farther west. The rock in the centre and in the western side of the 
weir, as at present designed, does consist of the typical granite of 
the area and is certainly connected with the solid stratum that 
imderlics the whole area. It is also probably quite sound, although 
it will contain the usual joints that ore found in granites. In 
addition there is a certain amount of jointing in a direction 7b“ 
W. of N. to TO” E. of S., i.e., along the length of the weir, which 
appears to be a direction of weakness throuj^out the aren; this 
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' appeals to die out westwards and is not regarded as being a very 
serious factor. 

The heavy rains of 1925 appear to have been responsible for falls 
of the roof and subsidence in some of the timnels of the Ehyber 
Bailway, particularly between the present ter- 
Kiiyber Railway, N- minus at Landi Eotal and the projected ter- 
W. Frontier. minus at Landi Khana. The services of an 

oiBcer of the Geological Survey having been requested for the exami> 
nation of the hill-sides and timnels of the line, Dr. C. S. Fox was 
deputed to carry out the investigation, Mr. E. B. Gee accompanying 
him for instructicmal purposes. The railway alignment has encount- 
ered massive bedded limestone and laminated shales with finely 
disseminated pyrite. Both types of rock, although showing a general 
regularity of strike and dip, were found to be intensely over-folded. 
In the case of the limestones from the All Musjid i«uinels to Landi 
Kotal, the lino can he assumed to bo quite safe. According to 
Dr. Fox, the same can scarcely be said regarding the tunnels in the 
black and grey slaty shales. These rocks, occasionally crossed by 
zones of crush and shearing, owing to the presence of finely disse- 
minated pyrite, are subject to rapid alteration on exposure to damp 
air. The pyrite is decomposed, and the sulphuric acid therefrom 
leads to the formation of alum, breaking down the shales into soft 
clay. The alum occurs as an efilorescence on the surface of the shales 
or in the tunnels which traverse these beds. After rain the efflores- 
cence is washed away, but in the following dry weather more efflo- 
rescence appears. Thus it is that the shales, besides being decom- 
posed into clay, are leached of a considerable volume of solid matter. 
The process must lead to a weakening of the strata, particularly in 
the tunnels, since the oxidation of the pyrite cannot be prevented, 
nor is it possible to prevent the soluble alum from being removed 
in solution. Unfortunately, the trouble does not end with the de- 
composition of the shale to clay, nor with the liberation of acid and 
formation and removal of alum. The sulphuric acid and the sul- 
phate salts have a harmful effect on lime mortar, concrete, and port- 
land cement, and the cementing medium is rendered useless and 
friable and the masoniy weakened. 

The best soli^tion to the problem is, in the opinion of Dr. Fox, 
the use of blocks of quartzite or hard pure sandstone without any 
mortar. This method is considered impracticable in the Ehyber 
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owing to the difficulty of procuring the quartzite. A reasonable 
degree of immunity, at least against the presence of sulphate salts, 
would aj)pcar to be possible by using a more suitable nfortar, such 
as bauxite cement {ciment fondu or La Fargo Cement). Experi- 
ments have shown that bauxite cement sets quickly ann at the 
same time to a Jjigher strength than portland cement. Jt is specially 
claimed that bauxite cement is immune to the corroding effects of* 
salt water or soils contaminated with sulphate, salts. If these 
claims for bauxite cement can be substantiated, it is evident that 
the masonry of the tunnels in the pyritiferous slaty shales should bo 
ro-coniented with bauxite cement. This has been recommended 
by Dr. Fox, who considers that the hili-sides are safe, but that the 
trouble is, and will continue to be, the weakening of the shales 
particularly in the tunnel sections. The sections which need early 
attention have been pointed out. The re-lining of all the tunnels, 
which show an efflorescence of white (alum) salts in the tunnel and 
on the shales outside, should be carried out steadily on an extended 
programme, the csisc of those tunnels which traverse the shales along 
their strike being relatively more urgent than that of tuimels which 
cross the strike of the strata. Timncis which cross zones of crush 
and shear in the shales require the earliest attention. 

Dr. Fox has also discussed the effects of floods in the streams 
of alluvial tracts, such as those between Jamrud and Bugiari and 
about Zintarra. lie recommends stream training by means of stone- 
aprons (masonry surfaces) gently inclined upstream, both in dip and 
strike, to the bed and banks respectively of the stream. Such 
control devices are best situated just above a concave bend or where 
a stream is to be deflected ; they should be located on that bank 
which is subject to scour. The deflecting angle should not be more 
than 20° either in diji or strike to the direction of stream flow. A 
stream will thus be forced up the inclined plane, its velocity reduced, 
and its load of d4bris deposited, the water spilling back to the stream 
robbed of its scouring power. 

At the request of the Superintending Engineer, Hydto-Electrio 
Haro River dam-sites, Circle, Punjab, Dr. G. E. Pilgrim was dented 
^"f**** to investigate and report upon proposed dam 

sites in the Haro Jliver where it leaves an open alluvial plain and 
enters high rocky hills just before ireaching. the villi^e of Sanjwal, 
some 4 miles E. 8. £. of Gampbellpmie. Two aihiB had bemi nig> 
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gested, one of them, the lower site, parallel to the strike of the 
rocks and the other, some 300 yards higher up stream, running 
across the strike. 

According to the report Dr. Pilgrim has submitted, the majority 
of the rocks are' of limestone with r)ccasional shaly bands amongst 
uhich is one prominent bed of purple shale. The lithological 
resemblance of certain of the beds to the basal numinulitic beds of 
the Pir Panjal and the occurrence in them of siinilar small fora- 
minifera, leave it hardly in doubt that all the rocks belong 
to the Hill Limestone stage of the Kala Chitta Nummulities. Tlie 
total thickness of strata exposed in the river section is about 350 
feet, of which about GO feet are massive limestones. Tliese are 
underlain by thin-bedded limestones, with some bands of shale, 
a prominent bed of purple shale being amongst the lowest beds 
exposed. These arc perhaps about 170 feet thick. The massive 
limestones are overlain by thin-bedded shaly limestone and shale, 
of which about KO feet are exposed. This scries of strata is crossed 
four times between the bend in the river and a point about 300 
yards below the lower dam site, where the beds become almost 
horizontal. This is due to the fact that there are five folds between 
the Sanjwal ridge and the point below the lower dam site mentioned 
above. Prom Ranjwal village down to the bend in the river the 
iitrike of the beds is approximately E -W. and follows the coarse of 
the river, which thus flows along an anticlinal fold, Sanjwal ridge 
forming a synclinal basin, bed after bed coming to an end east 
of Sanjwal village. At the bend in the river the strike curves sharply 
from an E.-W. direction to a S.E.-N.W. direction, and then very 
gradually resumes its original direction. 

North of the Sanjwal synclinal ridge the rocks disappear beneath 
a largo area of cultivated ground. These alluvial beds are well 
seen in the bed of a large stream about one mile west of Sanjwal village 
and about the ground to the west of this sti'oam. They consist of a 
hiirly compact silty sandstone or clay, with bands of soft but more 
compact sandstone as much as 2 feet thick in places. The hipest 
member of the alluvial series is a conglomerate with large pebbles, 
which is frequently encrusted with calcareous tufa. At Jessian, 
about three miles to the west, this conglomerate caps many of the 
hills and is as much as 30 feet thick; but in the area now dealt 
with Dr. Pilgrim only noticed it in a small exposure to the eart of 
the village of Sanjwid. Beddes the area of cultivated ground to 



32 Hecords of the Geological Survey of India. [ Vol. LIX. 

the north of the Sanjwal Bynclinal, referred to above, there are other 
areas of cultivation to the west of the lower dam site,^wbioh no 
doubt represent alluvial deposits of a greater or less depth. From 
observatiems at Jessian and elsewhere, it was evident that the 
alluvium fills up valleys between the solid rock formations, which 
are often of considerable depth; from which it follows that the 
alluvium thickens very rapidly from the nearest visible outcrop of 
solid rock. The significance of this from the point of view of the 
construction of a masonry overflow is of some importance. 

Although only two sites were suggested for a dam, three distinct 
projects arise for consideration on these two sites. On the lower 
site it is possible to build : (1) a gravity dam across the narrowest 
portion of the gorge, resting on and, so to speak, continuing the 
massive limestone rock which forms vertical walls on either side of 
the river ; (2) an arch dam springing from two haunches of massive 
limestone on either side of the river. On the upper site no such 
haunches of solid rock exist so that a dam constructed in this posi- 
tion must necessarily be of the gravity type (3). 

A dam which runs parallel to the strike of the rooks is primd 
facie to be preferred to one which runs across the strike. In the 
latter case the bedding planes which offer opportunities for the 
water to percolate to and so weaken the foundations of the dam 
are numerous ; in the former, on the other hand, the bedding planes 
are few in number and the danger of percolation is diminished. 
Although in the present instance the substance of the thin-bedded 
limestones and shales, which would form the greater portion of the 
floor against the upper dam site, is not itself permeable, the 
thin-bedded character of the rocks ofiers a possible source of danger. 
Other things being equal therefore, the lower site is to be preferred. 
Apart from the question of expense, another .objection exists, in the 
opinion of Dr. Pilgrim, in the case of the upper site, which may 
tend to weigh down the balance in favour of the lower mte. This 
is that by choosing the upper site the reservmr will be deprived 
of a very important portion of its storage content, and, moreover, 
tince that portion of the reservoir to the. north of the jSanjwal ridge' 
{•ommunicates with the Haro by a stream which cuts throu|^ the 
ridge to the west of the upper eite, it will be necessary to co^ruot 
a massive band to impound the water in this ^northern p<ntion. The 
massive limestone in the places where it lies in its original bedding 
plaifes, that is tp say, where it is not fddnd, apptars to. be leasonr 
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ably free from fiasures, and its compact and massive character 
renders it eminently suitable to withstand great pressures and to 
form a secure foundation for any masonry structure. Unfortunatdy 
at the lower dam site the limestone is sharply folded both along 
and across the strike, and, as mi^t be expected, is badly fissured. 
On either side, as one leaves the folded zone, the fissuring seems to 
be absent. It might be possible to construct a gravity dam 
here against the limestone v^dls with the aid of extensive cement 
grouting were it not for the fact that on account of the sharp bend 
in the strike at this point the zone of fissuring must extend far 
below the river level where grouting would be impossible. Such 
open fissures would be a certain source df leakage from the reser 
voir if not of actual danger to the stability of the dam. 

Dr. Pilgrim considers that an arch dam might, however, be 
built so as to spring from the massive limestone clifb outside the 
fissured zone, that is to say, from a point about 130 feet from the 
right bank of tbs' river and from another point about 350 feet from 
the left bank of the river. These limits might perhaps be relaxed 
provided all visible fissures were grouted with cement, since an 
apron of impermeable rock interposes itself between the concealed 
fissured limestone and the reservoir, as the ground rises on cither 
bide away from the river. For the same reason in other parts of 
the reservoir which come into contact with the massive limestone 
it would only be the upper levels of the water which would actually 
touch it, since the impermeable thimbedded limestone extends a 
long way up the hill sides. The smaller hydrostatic pressure in this 
case would be insufficient to cause serious leakage. Subsequently, if 
found necessary, visible fissures could be grouted in such parts of 
the reservoir. 

Dr. Pilgrim consider t that the formation as a whole would afford 
a sufficiently stable foundation for the base of the arch dam, the 
stability of which would not be impaired by leakage at its base 
since this part of the rock formation appears to be reasonably 
impermeable to water. 

With regard to the location of an overflow for the reservoir, 
I^> Pilgrim prefers a site about 6 furlongs west of Sanjwal village 
where tihe cultivated ground mentioned above rises to a crest of 
about 1163 feet elevation. To the west of this crest the ground 
falls to the stream mentioned abov6. The topmost level of the 
^vater will just reach this crest, and it constitiites an eminently 
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suitable site for an overflow into the stream referred to. The onl7 
difficulty concerns the depth at which the solid rock lies beneath the 
alluvium, on which the masonry foundations of the overflow should 
rest. Information on this point could be gleaned from trial pits. 

Should the alluvium be too thick to make the construction of 
an overflow practicable on the line suggested, an alternative line 
exists, 400 feet to the N.E. On this line it is certain that rock v 
exists a short distance beneath the surface. The objection to this 
lino, however, is that the water from the overflow will naturally 
follow the course of a small stream, which will bring it into the Haro 
at a point too near the tail-race of the Hydro-Electric Power Works 
which it is proposed to erect. It will, therefore, be necessary to 
cut a channel through an outcrop of limestone to the south and 
lead the water from the overflow into the Haro at a point which is 
farther away from the tail-race. The expense of this would to 
some extent be compensated for by the limestone which would thus 
be rendered available for building the dam. 

Prom a geological point of view the disposition of the strata 
render the construction of an arch dam on the lower site preferable 
to a gravity dam on the upper site, and the larger storage obtained 
tells in favour of the former project. 

On the alignment of the projected Mukerian-Mandi Railway 
there is one section for which two alternative alignments have been 

Mukeri .M SIR ii. section is situated from 2 to 3 

my project; Punjsb.* miles east of the village of Talwara in the 
extreme eastorn portion of Survey Sheet 248 
H.E. (scale 2 in'^hes=] mile). At the request of the Superinten* 
dent of the Hydie Electric Circle for the Punjab, Dr. G. E. Pilgrim 
was deputed to visit the site with the object of investiga ting the 
respective geological merits of the two alignments. According to him 
the geological formations exposed in the area consist of : — 

(i) A series of massive but soft sandstones occurring in bands, 
having an average thickness of about 60 feet, inter- 
bedded with softer silty sandstones and arenaceous cUys 
occupying an average thickness of 20 feet between each 
band of massive sandstbne. These beds belong to the 
upper part of the Pinjor stage of the Upper Siwalfl;8. 

(*2) A boulder gravel whichi, caps the preceding stage of sand^ 
stones and ^ys and oconpies only the highest summits 
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of the range which rices between the Beas river and 
the Khad Ghaniir, and occasionally small scarps which 
occur on the slopes down to the Khad Ghamir. This 
is never more than about 10 feet thick and belongs to 
the Boulder Conglomerate stage of the Upper Siwaliks. 
Iho strike of these beds is seen to bend round from 
N.N.W.- S.S.E. to N.N.E. S.S.W. The beds are dis- 
posed in a sharp synclinal fold, having its axis approxi- 
mately in the bed of the Khad Ghamir. The dip of the 
beds both to the east and west of the axis increases 
rapidly from the horizontal to a maximum of about 
40“. 

(3) A series of horizontally bedded gravels of sub Recent age 
and derived from the disintegration of the boulder conglo- 
merate mentioned above. Thes»‘ oceii])y the, flat plateaus 
round Talwara about 60 feet above the. bed of the Beas 
and «lso extend some way up the slopes of the hill-sides. 

To consider first the original or more northerly alignment ])ro- 
posed which hugs the S. bank of the Beas, the first miles are 
either along the low ground just above the flood level or on the 
gravel plateaus. As the ]>oint is neared where the hills adjoin the 
Beas, the alignment passes over the lower gravel slopes. So far no 
difficulty occurs since the gravels are, stable and will form a sound 
embankment. The real difficulty begins when the Ui»per Biwal'k 
beds run out to the river and affects a distance of about | mile. 
This portion of the alignment is almost at right angles to the strike 
of the beds, so that the conditions making for geological stability 
are all that can be desired, provided the rocks themselves afford a 
sufficiently secure foundation for the line. Unfortunately this is 
only partially the case. The bands of massive sandstone, which 
form spurs jutting out into the river are, though soft, free from 
fissures and compact, and it is not anticipated that any danger is 
to be feared to that part of the line which may rest on this or to the 
concrete foundations which may be constructed on this as a base. 
The sandstone is even less liable to disintegration by water than 
by atmospheric agencies, as is shown by the spurs jutting far out 
into the river. Dr. Pilgrim, however, recommends that blocks one 
foot cube be subjected to immersion in water and to alternate expo- 
sure to a stream of water followed by desiccation in the cun Rt 

Ti 2 
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intervals of 24 hours, during a period of a month, in order to make 
sure that no deleterious change takes place. 

The state of afEairs is, however, very different In the c<se of the 
softer silty sandstone and arenaceous clays which it has been stated 
are interbedded with the massive sandstones. The silty sandstones 
readily break down into a loose sand, where they are exposed to 
air, though even in their case the disintegration is more rapid under 
atmospheric agencies than under water. The clay bands are liable 
to erosion by water, and in consequence the whole stretch com- 
posed of the two elements, clay and sandstone, is worn away and 
a series of small stream-courses is produced between the bands of 
iMissivo sandstone, while the river embays m such places between 
the projecting spurs of massive sandstone.' It is, « therefore, obvious 
that no reliance is to bo placed on this part of the formation as a 
base for foundations of any kind. 

Either wedge-shaped concrete revetments may be used to bridge 
over the stream courses, or steel culverts may be employed to 
oonnect successive ridges of massive sandstone, whichever is found 
to be most economical or desirable from an engineering point of 
view. The massive sandstone may be regarded as strong enough to 
Stand the weight or to afford a secure foundation, while at the 
same time no apinehensions need be entertained for tho cuttings, 
or in one case the tunnel, which will in every case be necessary to 
carry the line through the sandstone spurs, providing the experi- 
mental tests suggested produce satisfactory results. 

If the weak places referred to above arc ensured. Dr. Pilgrim const- 
den there is no reason why this alignment should not be satisfactory. 

Proceeding to the consideration of an alternative and somewhat 
longer alignment proposed by Major Anderson, we find ^at from the 
point where it diverges from the original alignment it passes over a 
sub-Reoent gravel plateau and then ascends for the most part over 
superficial gravels until near the village of Nagrota. Beyond the steeper 
gradients involved and the greater amoimt of embanking necessary, 
tnere are no difficulties from a geological point of view up to this 
point. From now on the alignment gradually descends to the Khad 
Ghamir traversing three broad compotmd stream-courses which run 
do^vn into the Nala Ghamir. This portion of the alignment is along the 
strike of the rooks, which dip at angles of from 20° to 30°, and thus 
correspond approximately with the angle of slope of the hill side. 
Owing to tho denuding action of atmospheric agencies, the masuve 
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sandstone has only been preserved^ for the most part on the spurs 
between the various tributary streamlets which run into the Ehad 
Qhamii. The streamlets themselves are carved out of the soft silty 
sandstones and flays, which in the case of the area we are dealing with 
underlie the band of massive sandstone. According to Dr. Pilgrim, in 
three parts of the alignment it runs for distances of one to two 
furlongs practically on these softer rocks and over the uhole of the 
hilbside these have disintegrated into sand, clay and soil. The geolo- 
gical conditions, therefore, are most favourable for slips of these loof,e 
collections of d4bris on to the alignment, while the elopes below 
the line being often very steep are also insecure. 7 he junetit n 
between the massive sandstone is in general a precipitous cliff 
perhaps only 10 feet but sometimes as much as PO feet in 
height. 

In order to carry a railway line safely through country of this 
nature it is ngeesaary that extensive revetments be made both 
above as well as below the line and a considerable amount of earth 
work banked up. If the expenditure of considerable sums on 
revetting and embanking is considered no objection Dr. Pilgrim, 
thinks that the unfavourable geological conditions can be puccess- 
fully combatted. 

With regard to the respective merits of the two alignments the 
question seems to be more one of expense than of anything else. 
In the first scheme there are numerous small intervals between the 
massive sandstone spurs to be bridged and numerous small cuttings 
to be made. In the second scheme the alignment is slightly longer 
and steeper and heavy revetments, high embankments and a few 
long cuttings will be necessary. It is thought that the second scheme 
would cost somewhat more in upkeep. 

A site selected for married quarters near the Tytler Lines at 
Bakloh having been abandoned on account of land-slides, the Gco- 
BdHIsg iliM^ BaUob logical Survey were appealed to for assistance, 
Csateaiiieat t Pas|at. and Mr. B. J. Bradshaw was deputed to 
report upon the stability of alternative sites, , 

The Bakloh oantonmoit is built upon a ridge of Tertiary rocks 
consisting of dark, indurated, compact, and sometimes micaceous 
sandstone with intercalated beds of friable ferruginous shales. The 
sandstone is very freely jointed, so that it is usually possible to 
brea); oS rectangular blocks of an^ size. This free jointing results 
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ia the separation of largo, irregular boulders at almost every out* 
crop. It is the combination of the clastic nature of the 'sandstone 
with the friable and slippeiy quality of the underlying shales which 
is the cause of the general instability of the area. 

During heavy rain, small streams of water either eat back from 
the edges of the terraces over which they drain, or else find their 
way through the joint-planes of the sandstones and wash away the 
underlying shales; the result* in both cases is the isolation of large 
l)oulders and masses of rock which arc left in a state of gradually 
increasing instability. 

The dip of the rocks in the cantonment is variable, but produces 
the general form of a syuclinc. The average dip on the west side 
of the Tytler Linos is about 3.5° to the north-east, while the dip on 
the (Mst side is steeper and about 66° to west-south-west, Mr. 
Bradshaw remarks that while, in general, areas of steep dip are the 
most likely to give trouble through fracturing of the sandstone and 
the full of boulders, yet the question of dip is of less importance than 
usual on account of the free jointing of the sandstone which is 
common to the whole area and is the immediate and governing cause 
of 8lip[)ing. 

It may bo said at once that the whole of that portion of the 
Bakloh Ridge on which the Tytler Lines are built is unstable and, 
whore there arc no jirotectivo works, will be subject to removal 
piecemeal. The whole area is treacherous, and there is no building 
.site which can be regarded as naturally and permanently sound, 
ft is thought possible, how'ever, to select sites which can be rendered 
reasonably secure by building protective works ; these should pri- 
marily take the form of adequate drainage. 

The general considerations which should .govern the choice of 
any building site in the area are siunmarised by Mr. Bradshaw as 
follows : — 

(1) Sites should be chosm on spurs rather t]^ in re-entrants ; 

7 re-entrants into which the surface <^ater drains from 

I i * * every direction should especially be avoided. 

(2) Ground which is overlooked by steep scarps may itself be 

sound, but there is, of course, the danger of material 

Upping from above. 

(3) Ground where the slope of the hill-side is low is usually 

stable, 
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(4) Ground which has a largo catchment aroa above it should 
be avoided unless the water drains naturally to the sides 
and not over the ground. 

(6) Where firm ground can be found in the neighbourhood of a 
f permanent stream-course, the constiuction of ailihcial 

drainage will be facilitated ; but, if the giouud is not 
firm, the proximity of a stream-course is a danger, and 
the site should be avoided. 

(6) Springs on or above a site are a souice danger, and their 
immediate neighbourhood should be avoided. 

The most important criterion regaiding any site selected for 
building purposes is that it should be adequately dininrd. A suggeslid 
scheme of drainage for terraces was ]tut foivaid by Mr. hiudsbaw, 
who notes the folio vring chief points : — 

(1) Drainage should not be confined to the site ul(»ne. The 

ground both above and below each terrace should also 
be drained thoroughly. 

(2) Both the slope behind the terrace and the hmer face of the 

terrace itself should be suppoiUd to a height of about C 
feet by porous retaining walls, either of open-niasoniy 
or with weep-holes. Short ving walls might have to 
be built in some cases where terraces have to be excavated 
in the hillside. 

(3) Drains of adequate capacity should run immediately at the 

foot of these retaining walls. It is important that the 
drainage should not be skimped or curtailed. The water 
should be led away quite clear of the ground inimcdiately 
below the terraces. 

(4) The terrace should have a gutter at the front edge of the 

terrace, so that surface water sould be carried to the 
sides and prevented from spilling over the face of the 
ter^ce. , 

(5) An ad^uate catch-drain or drains should be provided in 

the ground above the site to divert the surface waters 
well clear of the sides of the terrace. 

(6) Where there are large stream-courses close to the terrace 

they should be cascaded where possible and sharp comers 
elimuwted from the near vicinity of the building 
site. 
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(7) A small drain leading into the front gutter should surround 
the building itself so as to carry off water fronf the roof. 

(8) If any small channels run naturally across a site, they should 
be diverted from above by lateral drainage. 

Owing to heavy rain diiring the greater part of his visit, Mr. 
Bradshaw had the advantage of seeing the ground actually water* 
logged. Several small slips occurred while ho was there, and the 
problem of the relative stability of different parts of the area was 
groatly simplified and in part solved by the manner in which the 
different sites withstood the severe rainfall. 

The actual problem was to find sites for eighty-five married 
quarters. A block of ten quarters requires a terrace* roughly 130 
feet by 30 feet, and a block of five quarters one 70 feet by 80 feet. 

It was decided that the majority of the quarters should- bo built 
on site No. 1 in spite of the disadvantage of iis distance from the 
parade ground. The first block of ten quarters is to be situated on 
a spur below a telegraph pole on the road. This ridge is comparative- 
ly dry and stable, end the dip of its rocks is from 60° to 65° to the 
west-north-west. There is overhanging ground which is not stable 
but any fall would be broken by the terrace behind the site chosen. 
When the site is terraced, the front face should be supported by a 
retaining wall. 

Two blocks of five quarters, staggered and en echelon, arc to be 
sited on a similar spur close to that which has just been described. 
The same remarks apply as in the case of the. first site. 

Further along the road, the gentle slope of the hillside is broken 
by a series of low terraces. In this locality it is proposed that six 
blocks of ton quarters each should be situated. The dip of the rocks . 
is 60°-65° to the west-north-west. The ground is stable, and consists 
of large boulders imbedded in firm soil. There is a considerable 
amount of surface water, but there will be no difficulty in leading 
it into the large stream-course near by. Great care should be 
exorcised in ensuring that the water which irrigates the cultivated 
terraces above is all diverted clear of the site. The drainage of the 
road also should be improved. 

Another site is below the hospital, and provides room for two 
blocks of five quarters each. The ground is firm, and should be 
drained into the neighbouring water-course. The road above should 
be drained adequately, and the small spring in fimpt of tjie site 
should be avoidecl. 
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A further site was considered unsuitable for married quarters, 
chiefly on account of the proximity of the Isolation Hospital, but 
the area should provide a good site for any other buildings uhich 
may be required ii^ the future. It lies on the crest of a steep and 
naaprow ridge where micaceous sandstones and slaty ferruginous 
shales dip west-south-west at 66°. The ground is firm, and there 
is the advantage of the presence of several ready-made foundations 
available in situ. 

Another site occupies the top of the western side of the ridge. 
The dip of the rocks is comparatively low, being north-east at about 
30°. The rocks arc the usual sandstones and shales, the actual sites 
being on shale. Here there are two terraces suitable for building 
on, provided they are adequately drained. The adjacent water- 
course would have to be cascaded, and there are some sharji comers 
in its course which ought to be eliminated, especially that just 
above the terraces^ The terraces should be supported by retaining 
walls. For disciplinary reasons, this site was not considered suit- 
able for married quarters, but, like the preceding, it provides a 
good potential situation for any other building which may be re- 
quired in the future. 

In Mr. Bradshaw’s opinion, none of the sites is ideal, but, provided 
thorough drainage is carried out on the lines suggested, the sites 
could be made reasonably secure and stable. 

After the buildings have been constructed, the first period of 
heavy rain will provide an opportunity for judging the efficiency 
of the drains in carrying all surface water clear of the terraces. 
As the stability of the terraces depends entirely upon the efficiency 
of drainage, additional drains should be constructed wherever the 
drains built are demonstrated to be inadequate to keep the terraces 
firm and dry. 

Since L815 the question of establishing a large d(m ?£0 fret high 
in the Bhakhra gorge of the Sutlej river has at one time or another 
^ ^ been referred to this Department for opinion, 

a an • • jjj 1926 the galleries laying bare the strata 

in the gorge, which had been recommended by the Geological Survey, 
were at hnt completed. Dr. C. S. Fox was instructed to examine 
the rocks in these galleries on his way back from the Khyber. The 
roeks in the narrowest part of the gerge, in the section selected foi 
^he aito of the dam are sompwhat crushed sheir forces, evident]^ 
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tlie result of the weight of the beds in the steep hills on either side. 
There uce potentialities, explained in the report submifted by Dr. 
Fox for a landslip to occur just below the narrowest part of the . 
gorge, owing to the strata being inclined down stream at high angles 
and striking across the gorge, almost at right angles. It is possible 
by going somewhat above the narrowest point of the gorge to £nd a 
place on which it would be safe enough to found a large dam. 
This place is roughly 300 feet above the previously selected site. On 
account of the steep hill-sides, however, it appears wise not to 
cut a pennanont, side spillway in the flanks of the gorge. Through 
the ridge on the north side of the gorge Dr. Fox has pointed out the 
alignment of a tunnel which might function as a spillway. With 
due precautions the Bhakhra gorge is not considered unsuitable as 
' the site of a large dam. 

At the request of the Forest Department of the Government of 
Bengal for an iuvestigatiion of several landslides in the ICalimpong 
Division, Mr. E. R. Geo was deputed to visit 

polrd1?Wo!i.’BeSlt"' affected. Some of the landslides 

visited were situated within the Government 
Forests, causing the destruction of jungle over considerable areas. 
Others in Khas Mahal districts affected both the jungle and arable 
land, preventing the cultivation of the maize and rice crops which 
are grown extensively on these hill-slopes. 

The areas, which, up to the present have been affected by the 
landslides include parts of the Rissum, Labha, Pankasari, Ambiok, 
Chumang and Pago Forest Blocks ; and the Chibo, Dolepohan, 

‘ Ambiok, Pala, Pagag, Nim, Pagrenbong, Nimbong, Nobgong, Yang- 
makum, and Suruk Khas Mahal areas. 

The strata concerned in the slides include the following forma- 
tions : — 

(1) The Coal-bearing Gondwanas, including felspathic grey and 

green sandstones with thick grey-green clays and several 
coal-seams. 

(2) Slates and phyllites of the Daling division. 

(3) The Gneissio swes. 

All the Gondwana strata have 'been severely crushed, the sand- 
stones becoming markedly jointed, and the days ^together with some 
of the ooal-seams, converted into flaky shales. In • similsr manner 
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the olayB and phyllites of the Daling diviaiou have become finely 
foliated and traversed by numerous pianos of fracture. The angle 
of dip is usually very stoop. 

As a result of weathering the rocks have disintegrated rapidly, 
the original slope of the hilllsides representing the angle of repose 
for unweathored rock. This factor combined with the fact that 
erosion has made the present slopes steeper tlum the original, has 
resulted in the instability of various parts of the division. The 
disintegration of the rocks, and therefore the mode and extent of 
the slipping, obviously depend on the nature of the strata alTeoted. 

Mr. Gee remarks that, in the case of the gneisses and micaceous 
schists, their rapid weathering ap})oars to bo due to the softer 
schistose intercalations, combined with the marked jointing of the 
harder gneisses. The disintegration of these gncissic outcrops being 
comparatively slow the landslips are of an intermittent nature de- 
pending on the rato'ot weathering of those harder gneisses. At- 
tempts should therefore be made to protect these more resistant 
rock outcrops, so as to keep the intervening slopes of softer rock 
stable for a period sufficiently long of permit to the proper affores- 
tation of the slide and the neighbouring 8loj)es. (\>usideiing the 
denseness of. the jimgles of the division tlio im])oitanco of this 
factor is very considerable. Measures t«) further the stability of 
the harder outcrops might be in the form of stone pavements and 
revetments ; or, in those cases where the exposures in both harder 
and softer rock are sufficiently sormd, a low dam across the stream 
.is suggested by Mr. Gee as likely to yield better results. 

In the case of the shales and phyllites similar methods might be 
used where any resistant outicrops of quartzite or sandstone oemr 
lu other instances, however, in order to prevent effectively the 
contmuance of the slip, the protection of the main drainage 
ohannds through a considerable distance would be necessary. In 
any ease the afforestation of the more stable portions of the slide 
and of the neighbouring slopes should be carried out, and cattle- 
grazing disallowed. 

In the ease of the landslides of the Gondwana areas, outcrops 
of resistant silieified sandstones sometimes occur, but their strength 
is discounted by the jointing which characterises them. In the 
Pngo Landslide any such rooks have been so shattered that they 
offer little opportunity for protection, and afforestation, wherever 
possible, appears to be the only practical solution. 
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Mr. Gee has gone into the whole question with commendable 
care and submitted a useful report which the Government of Bengal 
has published. 

Galena. 

See Lead. 


Gold. 

Mr. Vinayak Bao reports that an adit driven by a prospector 
into the low hill west of Kiiditanapalli village shows a quartz reef 
about 4 feet wide at the entrance and widen- 
Madm. * r c cross-cut about 200 feet further 

on. The adit has been abandoned owing to the 
low percentage of gold. 

Major Ounnynghame-Haghes is stated to have found gold at Bohera 
(24° 37' : 73° O') in Hirohi State, Bajputana. Mr. Coulson inspected 
two old pits about 2 miles north-north- west of Bohera but could find 
no trace of either gold or pyrites. • He was given 
a specimen said to have been taken from one 
of the pits about 25 years ago, but it contained 
only the following minerals pyrito associated with a little 
chaloopjrrite, quartz, muscovite, sillimanito and accessory apatite. 


SIroU State 
fUtalM. 


Graphite. 

A very small quantity of graphite was observed by Sub-Assistant 
« .... .. ... . B- B' Gupta in a vein intersecting gneissose 

Barms. granite in the stream-course 24 miles E. S. £. 

* of Yeu, in the Yamethin district of Burma. 


Ysowthhi 

Barms. 


district 


Iron. 

Htematitio iron ore was found on the hill 1 mile 5 fwAoags 8.B, 
of Kundaw in the Yamethin district of Burma. 
The ore appears to have originated from a 
motasomatic replacement of the quartzites, and 
is associated with galena. 

Mr. Coulson notes that iron ores have been recorded in the 
Bundi State, Bajputana, from Loharpura (26° 28' : 75° 42'), Bhai- 
ronpura (26° 31' : 75° 46'), and a second village 
named Loharpura (25° 33' : 75° 58'). The ore 
occurs at the junction between the Jhiri shalep 


Baadl 

^taoa. 


State; Ra|. 
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and the Upper Bewah aandetone. In the Gwaliora old mines occur 
at Umar (25® 41' : 75® 30'). Khenia (25® 20' : 75° 25'), Narenpur 
(25® 28': 75® 32') and Uatunda (25® 27': 75® 30'). The ore 
consists of impure limonite and hmmatito derived from solutions 
accompanying the reef -quartz. The supply and quality of the ore 
is totally insufficient for modern purposes. 

In the remote pa^t large quantities of iron wetc extracted from 
the highly ferruginous quartz breccia which is of common occurrence 
among the rocks of the Jahazpur and Sabal- 
patm" ***** ' * areas in the Mewar State of Bajputana. 

The workings have long been abandoned on 
account of the comparative cheapness of imported iron. There are 
still immense quantities of the ferruginous breccia in situ, but the 
extraction of the iron must necessarily be unprofitable in view of 
the dearth of fuel tor smelting. Wood was used in days gone by, 
but the amount now available is quite insufficient for the purpose, 
and Mr. Bradshaw, who visited the arcus, considers that there are 
no immediate prospects of successful economic development. 


Kaolin. 

The exploitation of the china clay E. of Indawgyi in the Let* 
kakwe Stream about 6 mile* south of Myohla in the Yamethin 
district of Burma (Rec. Ged. Sure. Ind., 
BulSI!**** ^‘‘*'‘‘*’ vol- PP- 14-15) has not proved commer- 
cially successful. 

Kaolin in small quantities was noted near Kuditanapalli about 

u ... . . » . 2 mileh north of Gudupalli railway station 

Nerlh Arcot, Madm. . xr ...i. a * j -* • * 

in the North Arcot distnct. 

Mr. Coulson found kaolin at Manak Chok (25° 13': 75® 57') 
in the Bundi State, Bajputana, at the junction of the Jhiri 
R .11 c aa p I Bhal^ Upper Bewah sandstone. It 

pirtfllf , " ’ * * was of very poor quality and economically 

worthless. 


{See Sillimanite.) 


Kyaoite. 
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Lead. 

During the latter part of June '1926 Mr. E. L. 0. degg 
wa8 deputed to examine an area in the Mawson or Bawzaing 
State of the Myelat division of the 
Southern Shun ate*, Shan States and to collect samples 

of lead ore and lead slag from the locality. The ares has been 
previously described by E. J. Jones' and C. S. Middlemiss^ and 
Dr. Coggin Brovm has recently summarised their reports.* 
consists of rocks of the Plateau Limestone formation, a series of 
dolomitic limestones, probably of lower Falseozoic age, having inter* 
etdated in them lenticular arenaceous beds grading into purple 
sliales. I'he limestones are slightly fossihferous but no specifically 
identifiable forms have us yet been extracted from them. The 
dip of the limestones varies and, although a ‘south-westerly one 
prevails, in many localities the limestones are seen to, be almost 
horizontal. 

The area is at present under development by Messrs. Steele 
Bros, and the Shan States Silver Lead Corporation; two mining 
leases however are still held over small areas by local inhabitants. 

Mining was originally carried out by Chinese and Shan miners 
and the lines of old workings which are reputed to be more ancient 
tlufijl those of Bawdwin in the Northern Shan States, cover an exten- 
sive area and run in a ’direction 10" — 16" W. of N., the general 
strike of the geological features of the Shan Plateau. Mineralisa- 
tion has apparently taken ])lac} in a series of more or less parallel 
and intersecting veins, fissures and joints along this strike and can 
be traced southwards for a distance of more than 33 miles. 

In one old working which Mr. Clegg examined half a mile S. W. 
by S. of the yjUage of Palnn, the occurrence of galena* in yellow 
clay apprqxip:)at<s to that of an irregular stock-work, whilst in the 
Bawsaing Sl^ bf the Shan States Silver Lead Corporation the' ore 
occurs as an elongated and irregular lenticle replacing ^what seems 
originally to liave been shattered and brecciated limestone. 

Silver was the only mineral in which the ancient Shans and Chinese 
had an^ interest, and in- various localitieSm iir which smelting was 
carried out, are quantities of lead slag in which the percentage of 

'See. Get. Sun. I,id^ Vol. XZ, pp.*i91.19i 

*0«n. Rp. Oiol. Swv. iHd., 1889-1000, pp. 1^-103. 

« Rce. QeO. Swrv Jnd. Vol. LVJ, pp 90>01 
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lead TURB as high as 43. The slag is disseminated through the soil 
cap and is at present being exploited by Messrs. Steele Bros, who 
ship it to Europe as an ore of lead. 

The following analyses of concentrated ore from the Bawsaing 
Mine of the Shan States Silver Lead Corporation and of slag from 
the localities cited were carried out in the laboratory of the Gk>ologica] 
Survey of India : 

LoOALTTfISS. 

A. Lead slag from 1 mile west of Pakin. 

B. l^ead slag from Ywahauug village. 

C. Lead slag from } mile east of Tetheiii village. 

D. T^ead slag from Naiing Lwe. 

^ Lead slag from bags in Messrs. Steele Bros.* godown at Hcho. 

r, ) 

G. Lead ore concentrate from the Bansaing mine of the Shan States Silver Lead 
Corporation. 

Lead slags. 


Dry Assays. 

1 . 2 . 



Per cent. 

Per cent. 

A 

. . . . 40*36. 

40-10. 

B . 

. . . . 37-00. 

36-56. 

0 • 

. . . . 4M8. 

39-56. 

D . 

. 2304 

24-38. 

B 

36-riO. 

36-26. 

F . 

. . . . 38-22. 

Average 35-70 jnt cent, of lead. 

37-28. 


A 

B 

C 

D 

E 

F 


Wd Assays. 

Per cent. 

40-83. 

38-376. 

39-837. 

24 319. 

37-68. 

36-344. 

Average 36-247 per cent, of lead. 


CMks coNOGMgnaATE, BAWH>(TNa Mines. 

Dry Assays. 

1. 2a 3. 

Per cent. Per eent. Per eeni. 

G 70-04 70-12 09*76 

Average 60*97 per cent, of lead. 
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Wet Assays. 

G. . . . 72*575 per cent, of lead. 

Silver in oz. per ton. ^ 

!■ 2. d* 

15*026 15*05 15*106 

Average 15*287 oz. per ton of ore conoontrate. 

The analyses of slag call for some comment as it will be seen 
from the tables that, whilst that from one locality yields only 
24 per cent, lead, all the other localities show percentages of 36 
and over. This probably explains the greatly varying analyses 
which Messrs. Steele Bros. Ltd. have experienced in successive 
shipments to Europe, and it appears as though a systematic sampling 
of the lead slags from the various collecting localities in the area 
would greatly benefit the exporters, since at present a shipment of 
lead slug having a high load content is purely fortuitous. 

Galena has been obtained in quartz veins intersecting the Chaung- 
Yamethlii district ; Magyi series in the following localities in the 
Burma. Yamethin district of Burma : — 

1. 2^ m Jes E. S. E. of Dathwe. 

1'. 3 1 m les N. E. of Sedo in u tributary of the Mellang Chaung. 

3. 2| m les M. E. of Kyatpye ; this is not in situ, but the parent 

rock is probably 1 fur'ong S. E. of A 2641. 

4. 2^ miles E. 8. E. of Yeu in a granite vein in the stream- 

course ; this 'a not in situ. 

5. On the hill 1 mile 6 furlongs S. E. of Kundaw ; in associa- 

tion with iron ore. 

In the first locality Sub- Assist ant B. B. Gupta notes that the 
vein is about 10 feet and in the second about 12 feet wide. Traces 
of silver were present in the ore from the first locality. 

Limestone. 

limestone is quarried for building purposes from the hill 2 miles 
85* E. of N. from Taungbotha in the Yamethin district of Burma. 

...... It is described by Sub-Assistant B. B. Gimta as a 

0uniM. medium-grained greyuh limestone sometiu'es 

interbanded witii white, rather coarse-giMned 
cfystalline limestone. It contains nearly 16 per cent, of magnraium. 
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The Lower Bhander limestone in Bundi State, Rajputana, 
is the stone used by the Bundi Portland Cement Works. It gives 
_ an admirable cement and certain beds are well 

ReJ^tsiM. * * ’ suited for lime. The Upper Bhander lime- 
stone, in Mr. Coulson’s opinion, ofiets great 
possibilities for economic development. 

The limestones of Sirohi State, Rajputana have considerable 
economic importance. At present, those in the neighbourhood 
. B I Road are being developed. Numerous 

pntana. *” * * ' ki^ 8®®^ around Murthala (24® 

31' : 72° 51') and the lime is railed to various 
localities. The stone is also used for building purposes and for 

railway ballast. 

According to Mr. A. L. Coulson the quality of the limestones 
varies greatly and intrusive rocks have greatly deteriorated their 
value. Where a product of conmicrcial purity is needed, impuri- 
ties such as biotitc, quartz, etc., would probably prevent their 
application for the manufacture of cement. 

Mica. 

Mr. Coulson records a pegmatite containing muscovite of fair 
size, but too small and of too poor quahty to 
puUna!^ **** ’ " " i>® worked, 2 miles east of Sahela (24° 47' : 73° 8') 

in Sirohi State, Rajputana. 


Petroleum. 

With regard to the prospects of obtaining oil in the parts of 
Myingyan and Me kti a visited by Mr. Barber, 
tlls^MScts is thought that any of the less broken anti- 

clines in the Pegu series might prove produc- 
tive, but on the whole the prospects are not good. In the absence 
of satisfactory palseontological evidence it was found impossible to 
refer these deposits -to any exact horizon in the Pegu senes, but they 
aj^iear to be more estuarine in character than the productive rocks 
of Yenangyaung and other areas. The Lebya and Myinthadaung 
anticlines are much faulted, and therefore unlikely to prove pro- 
ductive, while many of the more favourable structures have been tested 
by various companies, so far without success. 
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Pyrites. 

In association with galena, iron pyrites in appreciable quantity 
was found by Sub-Assistant B. B. Gupta 3^ miles 
Biirmw** " » r c I jj j; g^jjQ ^ place 2J miles N.B. 

of Kyatpye i > the Yamethin district. 

In tliu Forest Reserve, about 2^ miles south of Tanniar bungalow 
in the Polur Uduk of the North Arcot district, a thin band of dark* 
„ ^ . looking fine-grained rock was found by Mr. 

Madros. Vinayak Rao among banded quartzites of tne 

Dharwar system. Chamockites are found to the 
vast of this, and the older gneisses to the west. An analysis by 
Mr. V. S. Rajago^ialan has yielded the following result : — 


Moisture 






• • 


3*40 

SiO, . 






* 

■ • 


10*36 

A1,0, . 






• • 


1*66 

l!’e . 






• • 


21*77 

Fe/), . 






f • 


19*32 

SO, . 






• t 


5*30 

S 






• s 


26*10 

MgO . 






• • 


•04 

CaO . 






• • 


Trace 

Ifu&Ni 






• • 


Traces 

Undetermined 





* • 


3*10 

100*0 


Saltpetre. 

The sandy soil from the foot of the hillock 3 furlongs west of 
Sagyin in the Yumethin district of Burma on being* analysed was 
1 / i... J. . . . found to contain potassium nitrate. It is 

Burma. reported that it appears on the surface as an 

efflorescence in certain seasons of the year, but 
when Sub-Assistant B. B. Gupta vimted the locality no efflorescence 
was met with. It is reported to have been extracted from the soil 
and used during the Burmese war for the manufacture of gunpowder. 
Our attention was drawn to it by the Subdivisions! Officer of Yame- 
thin, Mr. K. M. Yin, who sent hSi. Gupta a sample of soil from 
Yin^v (20^ 43'; 93** 56^') in the same district which also contained 
potasaiam nitrate 
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Silica Sand. 

A mile soutih of Baiodhia (25* 29' : 76® 37') in Bundi State 
Bajputana, a grit has been noted which ciumbleH to a sand on the 

Bundl Stale Raj* preesure and which 

putana. might be utilized for the purposes of glass 

manuhicture. 

Siliinianite. 

During a mineral reconnaissance of fiaiora State, Bihar and 
R..... Rih.. Orissa, by Mr. 11. Cecil Jones and Dr. Krish- 
and Orissa. bands of kyamte Billimanite Hchist 

were discovered and may prove of economic im- 
portance, but until large samples of the material have been tested 
practically it s not possible to obtain an idea of its value. From 
a microscopic examination of the material some of the bands ap- 
pear to be fairly pure. These schists occur in two widely separated 
areas, both of which are at long distances from a railway ; the 
latter fact may ptove a serious objection to their being of econo- 
mic value at the present time. One of these deposits was found 
by Mr. ^ones near Pals ima (21® 17' : 84° 66') and the other was 
found by Dr. Krishnan near Balram (Ballam) (21® 32' : 84° 62'). 


“Soap Sand.” 

Sapya or Sand Soap was observed in the Meiktila, Myirgyan and 
Sagaing districts, occurring as an efflorescence over the softer sand- 
stones of the whole area. It is collected locally 
for use as a soap, and is composed mainly 
of sodium hydroxide and calcium carbonate. 


Upper Butnit. 


Steatite. 

Steatite was found in small quantity in the limestone on the 
hill 2 miles E. of Taungbotha in the Yamethin district of Burma. 

It is supposed to have been derived from the 
carbonate, which the limestone con- 
ta in s- The quantity so far obtained is not pro- 
iwiwng from an eoonomio point of view. 

k2 
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In the Jeoria village (25“ 26': 75“ 5') area, about one mile north 
of Kakralio (25° 24': 75° 6') good steatite is mined on a small scalei 
The country rock is a buS, dolomitic limestone 
pujana*' ***** * * " north at 80°. Just north of the mine 

there is a low hill of bull chert, probably derived 
from siliceous rejdacemeut of the limestone. The occurrence, accord- 
ing to Mr. firaiLshiiw, is more in the nature of a pocket than a vein, 
and occurs at the junction of the limestone with the' chert. The 
pocket is about 50-60 feet broad, and has been worked, by an op^n 
cut, to a d ‘pth of ab mt 40 feet. The overburden is negligible. The 
first grade material consists of a jmre, pearly-white ruck ; the second 
grade is blotched with grey ; the real is dark and unsaleable. The 
output of the mine was from 50 to 60 tmunds per diem. Of this 20 
to 25 tmunds are of first ‘grade and the rest second-grade material. 
The third-grad" is not included in the daily output. Operations were 
discontinued daring the monsoon of 1925. 

In view of the mode of occurrence, the body is not likely to be 
continuous for any distance ; on the other hand, there is the 
possibility of the occurrence of steatite in any place where the 
ferruginous limestone is both dolomitic and siliceous. Th* steatite 
is of excellent quality, and has distinct economic possibilities. The 
mine is about 22 miles Lova. Bhilwara Railway Station. 


Tin. 

Many tin mines are worked in the sheets of the Mergui district 
surveyed by Mr. Sethu Rama Rau, and are distributed in two 
di 1 1 1 . J^reas, one on the mainland comprising the 
Burma." mines of Karathuri, Klong, Banhuni, Klong 

Yung, Klong Nam Noi, Fre Sai, Klong Lama, 
Klong Sai Den, Maliwun, etc., and the other in the islands fringing 
the coast, the most important mines of which are in the islands 
of Lumpi and Pulo Bada. 

On the mainland the tin ore is obtained from alluvial flats, the 
ore being derived from tourmaline-muscovite-cassiterite pegmatites, 
and casriterite-bearing quartz veins closely associated vdth bosses 
of granite and pegmatite lenticles ; in the islands it comes from 
oassiter te-iron-oxide-beaiing quartz veins. Mr. Sethu Kama Baa is d! 
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the opinion that the following areas might be advantageously 

prospedied : — ■* 

* 

(1) The whole belt of country from the source of Klong Nam 

Noi- Pre Sai in survey sheet 96 -pj- northwards to Kadln 
at the" source of Kyaukpon ( haung in sheet 96 -j. ^ 

(2) The alluvial fists north of Bankachon from mile 16 to mile 

18 on the Victoria Point— Maliwun road. 

(3) The country adjoining the Kayang area in Bumpi island. 

(4) The north coast of Pulo Bada island. 


Water (see also Engineering Questions). 

Mr. .T. A. Dunn wns asked to rejairt on a new well site at Hinu 
4 miles from Kanehi. The pro, sent pumping station and well are suj)- 
ph'ing water to tlie Hindu ('l(>rk’s Quarters belonging to the Secre- 
tariat. and to tlie Accountant tleneral’s Office. 
Ortea.'***’ ***"" A considerable increase in the number of build- 
ingi in these '|uarters is pro]»osed, and water 
will also £»robably bo required for tlie adjacent Duranda Residential 
Staff quartcTB. 

The present well on the south liank of the Bhusur (or Pundag) 
Nadi, just north of Tlinii village, is inadcr|uate even for present 
purposes durirg the dry season, and the consumption of water has 
to be restricted To increase the sujiply a channel or drain 
has been built from the side of the well iliagonally across the stream 
bed on the granite bottom, so that the seejiage in the stream-bed 
may be added to the well. 

Some 200 yards to the west of the well and at a sharp bend 
in the stream, is a bar of granitc.-gueiss across the river. The 
river bed on the well side, or to the east of this bar, is about 8 feet 
below the bed of the stream on the ujistream side, a considerable 
drop for this small stream. In the dry season, therefore, the water 
in the deep sand of the stream-bed above this bar is held up and 
there is very little seepage through the has to the bed of the stream 
below. To the east of the well there arc also a number of granite 
outcrops ill the bed of the stream, so that in the dry season the well 
is really drawing water from the very short and narrow basin of 
sand in the stream below the bar. The result is that the supply of 
water in this well in the dry season amounts to little roor than 
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what ia held in the Hand of this ahort atietoh of stTeam^course aftei 
the Hurface water runs dry, plus any additional water that may seep in 
from the surrounding fields. The dej;th of this sand’ ranges to 
« feel. 

On investigating the stream-bed immediately above the granite 
bar, Mr. JJunn found that at the sharp bend the stream had at 
one time cut (piite de(>ply along the south bank, and that the bed 
here was filled with sand down to at least 8 feet, and saturated 
with water. A dee]) channel saturated with water could be traced 
u])8treiim either in the centre of the stream-course or towards the 
south b.i,nk, but the deej)est point was clearly at the bend immediately 
above the bar. 1’he well should accordingly be sunk on the south 
bank at (his ])oint and a drain nin out from the side of the well 
into the river, as has been done in the case of the present well. 
It will be possible 1o prim]) this well from the ]>rcsent ])umping station 
by means of a pi])e line. 

For many years attention has been given to tlie subject ol the 
amelioration of the wat<*r shortage at fhalisgaon Eailvay Station, 

. Great Indtan I’eninsula Railwav. In spite of 
Challlgaon ; Bombay, a . a i r/ t . - , 

great eitorts and a large expenditure of time and 

money, the HU]i])ly of water for railway ])UTpo8CS still remains 

unreliable and insufficient, and at |)re8ent water is being bought 

from the ])oHi'essors of good wells a mile or so away from tho 

station. 

About five years ago, a dam was built across tho Ar river just 
below tho double loop near Warthan (or Wulta) seven miles south 
of (*hali,sguon. Owing partly to lack of sufficient geological informa- 
tion at that time, the dam, although established on a solid lock- 
foundation in the stream-bed, failed to secure rock or even im- 
pervious material for the foundations of its abutmoits. Wing 
walls were, subsequently, carried 300 feet on each side into the banks. 
But even these failed to find rock at a level above the stream-bed. 
The material encountered was invariably conglomerate, gravel or 
open-textured d4brie, highly calcareous, irregularly bedded and 
exceedingly porous, and ranging from 20 to 40 feet in thick- 
ness. 

As Dr. Fox, who has been in charge of these investigations, re- 
marks, it is not surprising, therefore, that leakage takes place round 
thi ends of the wing walls. Some of this seepage water finds its 
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my back to the At river below the dam- often in copious springs 
just below the dam. A far larger quantity of this inhltrating water 
simply disappears into the thick alluvial d4brit> and, gravitating 
along its conglomeratic basal zone, eventually emerges far down 
(he valley into the various streams which converge on Bnrkheda. 

Water, as « gravity supply, is available from the Warthan re- 
servoir, after a good monsoon, up to the end of March. From 
the middle of April to the next refilling of the reservoir, no water is 
passed down the pipe line, fiecent measurements below the dam 
show that there has been a diminution in the leakage from around 
tlie wing w'alls of the dam back to the Ar river. Hopes are enter- 
tained that the silt carried into the alluvium by the infiltrating 
water is slowly sealing up the interstitial s])acos and thus improving 
the water-tightness of the basin, but there are reasons for believing 
that leakage channels are enlarging in other directions. In spite of 
the good rainfall in 1924, the reservoir became so depleted by April 
ir>th in 1926 that no water could be passed into the }>ipe-line. This 
is not the only evidence indicative of a m.irk»'d deflection of the 
sub-soil drainage since the dam was built. Previous to the building 
of the dam there was a fair hot-woalher stream -flow in the Ar 
{I)«»ngii) river at Chalisgaon. This evidently represented sub-soil 
water 'xmdor the bed of the stream which had been caus(‘d to emerge 
by the outcrop of rock across the rivei below (Jhalisgaon. The 
hot-weather flow must have then been sufficiently attractive to 
justify the expense incurred in building the head-works and cutting 
the caiml which a few years ago irrigated the tract west of Patuuda. 
Dr. Fox notes that since the dam and its wing walls were built, 
the sub-soil seepage has been deflected into the main mass of the Ar 
alluvium, and the stream-flow at the head-works of the Takli canal 
reduced to a mere trickle. As a result^ the Takli-Patunda iriiga- 
tion scheme has been overtaken by disaster, and the works have been 
allowed to fall into disrepair for lack of water in the hot months. 

It may take several years more for the alluvium to absorb all the 
water it can hold before the stream-flow at Chalisgaon regains its 
past volume. It is possible that, with the increased height of the 
ground water level ^in the alluvium at Warthan, the seepage water 
may emerge elsewhere and not back into the Ar valley. In the 
cireumstances. Dr. Fox is disinclined to suggest further experi* 
ments at the Warthan dam for at least 10 years. 
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The alluvium discovered in founding the Warthan dam is now 
known to bo extensive. It stretches northward to beyond Chatip* 

The Older Alluvium. spreads into the valleys of t^e Titur 

and Utvali. Its thickness does not appear to 
be more than 40 feet, but this dimension has not been tested at 
many places. It appears to be thickest on the watershed between 
the Titur and the Ar. Tt is almost entirely absent from the bed of 
the Titur and it is thin or wanting in the stream-course of the Ar. 
The basal layers, wherever uncovered, at the Warthan dam, at the 
confluence of the Ar with the Titur, etc., are usually a conglomerate 
oomjrosed of basalt nodules and rounded geodic fragments set in a 
calcareous matrix. Above this arc irregularly bedded layers of 
gravelly Tsankar and calcareous gritty clays- -all highly porous. 

It is peculiar that this alluvium ends rather abruptly on a line 
parallel to and s«mth of the course of the Titur. From the Titui 
northward amygdalnidal basalt and othei types are exposed, and 
the ground rises steadily to the watershed on which the railroad 
runs north-eastward fiom Rohini through Chalisgaon to near Galna. 

The occurrence of basalt close under the stream-bed at the 
Warthan dam and its appearance at the confluence of the Ar with 
the Titur suggests that the trap surface slopep northward. An 
exposure of bedded alluvium near the, “ 6 ” of 1076 on the wept 
bsnk of the Ar at <0hali.<’gaon (pec 1-inch Survey sheet No. 46, p. 3) 
shows a dip of 10* to the south-west. From occasional, though poor, 
exposures. Dr. Fox was led to believe that the traps also dip gently 
'n this direction. 

Two jears ago, Rao Bahadur M. Vinayak Rao made a hurried 
geological examination of the country around Chalisgaon and located 
a well on the watershed between the Ar and the Titur rivers within 
a mile of their confluence. At ])rcsont, water is being pumped 
from a private well, Narayan Bankat’s well, in this vicinity. At 
about the same time, 1923, the services of a water diviner were ob- 
tained witii a view to fixing a site for a railway well. Three sites 
were sticeespively chosen. In No. 1, an existing well known as 
Bhrahim’s well, on the high ground hall way between Kotegaon and 
the Titui, 30 feet of alluvium had been proved. The well was deepened, 
still in alluvium, and an infiltration heading driven from the bottom. 
A pumping tost showed the well to have a slow recovery. On No. 2, 
nearer to the Titur and close to the pipe line, a new well was dug to 
a depth of 33 feet entirely in alluvium ; the recuperative test was 
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moat unpromising. No. 3 site, ptill closer to the Titiir and beyond 
the pipe line, was near the margin ol the alluvium. A well sunli 
here encountered 16 feet of alluvium, and then struck Trap ; it was 
carried down to a total depth of 48 feet, but the recuperative test 
w.is disappointing. 

From the straightness of the Alluvium-Trap boundary along the 
south side <►£ the Titur river, it is permissible to suspect a fault or 
at least a somewhat steep bank along which a buried stream-couuc 
may be conjectured. The greatest quantity of underground water 
would be tapped if this stream-course could be “ hit ” by a well 
or boring. The best line for getting this result would be along the 
line of the watershed between the Titm and Ar rivere which is the 
line sngge.sted by Mr. Vinayak Rao. 

In the circumstances, Dj. Fox considers it worth while jmtting 
down two or three bore-holes southward from No. 3 site to prove 
the depth of the alluvium and the outline of the rock surface. If 
the data indicate the presence of the supposed “ bank ” Dr. Fox 
recommends a heading' to bo driven for some distance from the 
bottom of No 3 well and a charge of dynamite exploded to open 
ii[» the fi.ssure8. If no such bank or irregularity in the tn/ra-alluvial 
rock surface be demonstrated, a deepening of No. 2 well is recom- 
mended. , 

Had there been no restrictions of any kind. Dr. Fox would have 
chosen a site exactly between Narayan Bankat’s w'ell and the con- 
fluence of the Titur and Ar rivers for the first bore-hole, and would 
then have put in a line of holes 30 feet apart on a south-east to 
north-west alignment towards each stream. From the section thus 
obtained the deepest place in the alluvium w ruld be the best in this 
neighbourhood. Experiences at Bhusawal. Akola and other places 
are enough to explode any hope of artesirn water from deep borings 
in the IVap in quantities which are likely to be attractive. 

As a result of Dr. Fox’s investigation and report in 1923, the 
Panjhan River (Gravity) Project was abandoned. Search further 

Muiinad • B ba away from Manmad has since failed to dis- 
’ ’ cover a suitable site for a storage dam from 

above which the ^pounded water could be run as a gravity supply 
to Manmad 

In consequence of the urgency for a satisfactory supply of wnicr 
for engine purpoeea in Manmad, it has now been decided to if* 
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ooiviidaT tho quesbion of obta'mng watei by pumping. A pumping 
Hohomo bad, aevreral years ago, been suggested in connection with 
tho building of a dam on the Sakhi livcr. The site lies 11 miles 
oast of Slanmad, jvist half a mile south of mile 171 on the main line, 
luvl at an elevation of roughly 2.50 feet below that of Manmad. 
Tho distance and tho “ head ” were unattractive factors. It was, 
however, estimated that a CO-foot dam, if built in the gorge imme* 
diatoly above the village of Mandwar, would secure a catchment of 
nearly 111 square miles, on which the rainfall would be about tho 
same as that at Manmad >22 inches annual average. 

Recent surveys and gaugings have shown that a 60*foot dam 
above Mandwar would enclose a reservoir basin having a storage 
capacity of over 1,400 million gallons. Allowing the top 6 feet 
depth for losses by evaporation and absorption — a volume equal to 
3.50 million gallons— tho available supply from the reservoir would, 
thooretioally, bo upwards of 1,060 million gallons. The estimated 
demand for Manmad is less than half a million gallons a day, giving 
a total of barely 150 million gallons a year, so that the water 
impounded would be equivalent to a several years supply for Manmad 
from a single filling of tho reservoir. 

fn view of tho ])ossibility of such an abundance of water, and 
the fact, nowly cmergtMl, that tho cost of pumping by modern plant 
is not unduly heavy, tho Sakhi Scheme has much to be said in -its 
f.kvour. It IS understood that water impounded at Mandwar 
would bo utiliiiod as a gravity sujiply for Nandgaon, six miles down 
the lino, ft is thus evident, that if tho estimated quantity could be 
secured by tho dam, a gravity project for an additional 
quarter million gallons a day, could be established for 
Nandgaon. 

In addition to these considerations, it is hoped that, in the near 
future, the Railway Electrification Scheme, now being extended 
inland from Bombay, will be carried us far as Nandgaon. If this 
be done, and the Mandwar dam actually impound the calculated 
volume of water, it will not be necessary to water locomotives at 
Manmad. All engines requiring water could draw their supplies 
at Nandgaon. The present water-supply of Manmad would, per- 
haps with a little deepening of the existing reservoir there, be 
sufficient for the projected needs of Manmad under the remodelling 
scheme. The pumping plant at Mandwar could be dismantled as 
the whole of the reservoir water would be available as a very satis- 
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factory gravity supply for the then greatly increased requirements 
of Nsndgaon. 

From what has been conjectured it is evident that the Sakhi 
River scheme is worthy of a detailed examination from the meteo- 
rological and the .geological aspects. For this purpose 
Dr. Fox was deputed to revisit the area and submit a further 
report. 

The determination of the rainfall and its range of fluctuations, 
the estimation of evaporation losses, and the measurement of the 
nm-oi! flow from the catchment, are being carried out by the engi- 
neers of the Great Indian Peninsula Railway. 

The average annual rainfall for Manmad (period 1890-1919) 
was 22’12 inches so that the rainfall for 1924, t.e., 23*67 inches is 
about the average.'' The erratic nature of the rainfall in this region 
IP well known, heavy falls being precipitated in full view of plares 
quite unaffected. This capriciousness may explain the lower rain- 
fall on the Sakhi catchment which is usually not much more than 
16 inches. 

From the figures which were obtained in the stream gauging 
o))erations, the actual run-ofl discharge fur the catchment is 192*120 
x6*26 =1,200*76 million gallons. This quantity, if it can be stored, 
Mould be ample for the needs of Munmad and Nandgaon, cah’ulated 
at \ and | million gallons a day respectively, for 21 months (638 
days). The supply for this period would be 480 million gallons 
leaving some 720 million gallons over to meet losses by evapora- 
tion etc. for two years. As it is improbable that the “ Bains ” 
would fail absolutely for two successive years the 2 >roject seems 
assured from the meteorological aspect. 

In the event of two or more successive years of normal or good 
rainfall the reservoir must overflow to discWge the surplus water. 
This flood or storm water is, it is understood, to b«. dealt with partly 
through a spill-way to the east of the dam, and partly by a cascade 
over the dam. The question of scour in the thick alluvium just 
below the dam is one of the questions to be considered in the geolo- 
gical aspects of the scheme. 

Dr. Fox reports that throughout the area under consideration 
from Manmad to Bohini, there is generally only a thin covering 
of soil, except locally in stream-beds and banks. The ground 
slopes quickly from the Ajanta scarp and then flattens for a consi- 
derable dirtance from Mandwat. The underlying rock on the 
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catchniAnt is bndded, soft, amygdaloidal and vesicular basalt, li 
in only ou the lii^hor pounds Hiich as that on each fide of the gorge 
at the site of the daoi that fissured dolcritic basalt is^ clearly 
seen. 

The above considerations would lead to the conclusion that the 
rocks of the (latcliment are more or less impervious. However, 
these partially decomposed trap.s absorb water and heat so that 
evaporation lo'<s(‘s from the land surfaces must be large. As a result 
of diere factors, li^ht showers of rain, aggregating less than one inch 
in 24 hours, might be entirely lost by evaporation and absorption, 
oxc(>pt when the rate of precipitation is rapid. 

In Dr. Kox’s opinion the allowance of the top 6 feet depth of 
the full reservoir should be enough to meet the evaporation and 
absorption losses from the water-spread, i.e., when the reservoir 
is filled. The water-tightness of the basin, so far as can be seen, 
a'/pears to iie good, but in so important a scheme caution is desirable 
and the basin should Ix' teste.d with trial pits. 

It is imperative that the trench on the line of the dam should be 
laken ilown to solid rock .so that the dam may have this material 
.for its foumlution throughout. Dr. Fox thinks that rock will be met 
with at shallow d)‘pths in the sides of the gorge, ('lay may possibly 
be found in digging the foundations of the dam, and the temptation 
to remove it for use* in the dam may arise. The temptation to 
remove this clay need not arise if the dam is built wholly of masonry. 
An earth-dam with a mason y core wall is seldom as water-tight as 
an earth-ilam with a puddled clay core wall. The last type is im* 
}>ructicai)le b(H'au.se to obtain suitable clay the coimtry side for a 
radius of 10 miles would have to be painstakingly scraped of its )‘l<»ck 
cotton soil and ilark red clay. 

Ah regards tin* flood discharge, even with a masonry dam, there 
will be. heavy scouring in the deep, soft alluvium below the dam if 
a big Hood is ])a.ssed. The saddle and lateral valley to the east 
are suggested us natural features suitable for a spill-way for sdl 
flood and storm water from the reservoir. 

Owing to the short steep slopes ou the scarp of the Ajanta Hills 
to the south and the low gradient of the stream-beds after thev leave 
the hills, most of the silt will probably be deposited above the actual 
reservoir basin and siltit^ will be trifling in the reservoir itself. 

As regards the safety of the dam from displacements due to hiolt- 
movements or earth tremorc there seems little to fei^r. 
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* Careful scrutiny in the vicinity of the dam site failed to discover 
any evidence of faulting which might affect the water tightness of 
the reservoir. 

If reasonable care is exercised in building the dam, the scheme 
sliould prove successful as regards eflicieiicy of storage. According 
to Dr. Fox it would be dilHcult to find an equally attractive site 
anywhere else in this region, except jterhajis one for a bigger scheme 
on the Haniad River south-west of Pimpurkhed Ktiition. 

During November and December 11)2-1, Mr. W. D. West visitwl 
the Ahmedabad district and Kathiawar, in tin* Rtmibay Presidency, 
in onler to e.vamine the cores obtained from 
lhUw?/;'*'l^mbay. ‘h>wn for jiurposes of water- 

supply. Th(‘y Were situated as follows: (1) 
Dhandhuka, in the Ahmedabad district ; (2) Butad, in Rhavnagar 
State; (2) Jamnagar, in Nawanagar State ; and (1) Satapur Bridge, 
near Dhrangadhra, Dhraugadhra State. Of th(‘se the Dhandhuka 
hole had passed through 2D2 feet of alluvium and 921 feet of Deccan 
Trap lavas, making a tcttal of 1,21.2 feet from tJie surfai'e : tlie Botad 
boring had pierced 501 feet of Deccan Tia]) lavas : the Jamnagar 
boring 781 feet of Deccan Trap lavas and the boring 
at Satapur Bridge 538 feet of Diqier Oondwana sandstones 
with some C/arbonacoous bods, followed by 7 feet of dolerite, pre- 
Hiiiiied to be a sill. Details of the rocks examined will be reserved 
until the completion of these borings ; but it may be mentioned 
that the Deccan Trap lavas are ail of basaltic composition, those 
from Dhandhuka and Jamnagar being mainly of ordinary tyjies, 
whilst those of Botad ace of an unusual ty])e, being rich in fresh 
phenocrysts of olivine and augite, usually to the e.xclusion of pheno- 
crysts of felspar. Some plant remains were collected from the 
carbonaceous beds of Satapur Bridge. 


Upper Buriiu. 


As in all cases on rocks of the Pegu and Irrawadian series the 
water-supply question in the Mciktila, Myingyan and Pakokku 
districts of Burma, presents insuperable diffi- 
culties. No satisfactory scheme is possible 
for providing a really adequate water-siqqdy from tube wells owing 
to the underground water being charged with magnesium and 
sodium salts. WHere the alluvium is thick, and the thickness can 
only bo surmised at best, shallow tube wells may give a fairly good 
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Hupply but the location of such wells can only bo arrived at by a 
proreHs of trial and error. In the jungle, sweet and potable water 
can generally be obtained from wells sunk in the alluvium of river 
valleys or from wells sunk at the lower end of a stretch of paddy 
fuJds. This the local inhabitants are generally aware of and in all 
the cases in which the villagers called Mr. Clegg to their aid, he found 
tliat they had previously tried all the likely locations which he pointed 
out to them. Deep borings are useless as the water of both the 
l^•gus and Passage Beds, and also of the Irrawadian is frequently 
saline and sulphatic. On the more sbaly -Pegu rocks open tanks 
Hurnetinies provide the village supply, wells being sunk where pos- 
sible in the low ground below the outlet end, the band then acting 
as a filter, but as this is only run-off water, it cannot naturally be 
rcJied on to any great extent. 

The satiio conditions as the above apply to the* whole of the dry 
zone of Upper Burma, and thv only aid the geologist can give- is to 
])oint out areas covered by alluvium and enjoin the local inhabitants 
to make shift as best they can by a process of trial and error, the 
relatively lowest ground being first essayed. 


Mr. B. B. Gupta suggests two alternative schemes for the water- 
supply of Yamethin town : (1) the sinking of wells at Kadaung, 

Yamethin. Burma. “ f 

and (2) the utilisation of the water of the fall 

2^ railos N. B. of Yoti. Ib both cases tho water would have 
to bo carried to Yaiiiothin by pipe-lino. Deep tube wells are not 
likely to bo successful in tho town of Yamethin where the Irrawa- 
dian formation is suspected to be present at no great depth. 

In the Pench valley in the Central Provinces the village water- 
supplies are obtained from the main rivers which drain the area. 

D kv II e t t of villages are situated along the 

ProHncei. banks of the Pench and its main tributaries 

the Sukri and the . QhatamaU Bivets, and 
during the dry weather water can he taken from the pools which 
occur at intervals in these streams. Mr. Gee observed that these 
pools vary with tho strata, being found more regularly where the 
Motui clays outcrop, and again more noticeably on the upstrean 
side of trap-dyke intrusions, several of which ooour in the north 
eastern part of this area. The supply of villages not situatrd 
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Aoar these rivers, or their tributaries is, however, drawn Ironi 
wells. These are usually of no groat depth, and as a result of 
the alternating character of the sandstone and clay beds a good supply 
Ml water is usually maintained. The beds, in general, dip to the 
north, so that any well sunk on the south side of one of the trap dykes 
yields a plentiful supply. Most of the sandstones of the area arc 
apparently porous to a fair degree. 

The area appears to havo been affected by a number of faults, 
causing the repetition of the outcro])8 of the clays of the Motur 
series and these porous sandstones. This has apparently resulted 
m the prevention ot the continued seepago of the underground 
water in the sandstone bands, the faulted clays sealing it off on the 
southern side of these clay outcrops so that wedis sunk in the sand- 
stones along thtss tracts should yield a good suj>ply at a sliallow depth. 

In the area around the Tawa River of the Shahpur coalfield, and 
eastwards to the Chhiudwara-Betul boundary, many of the villages 
depend on their water-supjily from the Tawa River and its larger 
tributaries. The Tawa, during the early part of the year, before the 
rains, consists of a number of pools at intervals linked up by a mere 
stream meandering in the wide sandy bed of the river. Good water 
can be obtained from diggings sunk in this sandy river allu- 
vium. Largo pools occur throughout the year where trap-dykts 
crop out, and at other places where a hard bed of sandstone croim 
out across the river. For instance several lines of induralion and 
siliclfication of the sandstones occur, following a general cast-to-west 
strike, and deep pools are usually located in their vicinity. This is 
so in the Barakar and higher Gondwana beds. In the southern 
part of the Shahpur area the streams flowing over the Talchirs are 
fairly constant on account of the impermeability of the clays. But 
some of these clays, those of the Middle Talchirs, crop]>ing out 
around Ratainati and south of the Sonada ridge appear to be very 
porous and a deficiency of surface water is noted in the hot W(‘ather. 
The water is then usually obtained from wells sunk in the Takhir 
clays, and when a more impervious band is met with a good supply 
is often maintained. This is similarly evidenced in the Talchir 
area around Khapa and Bhata in the Mstem portion of the area. 

To the north of the Sonada ridge, the red and green Motur 
clays being interwlsted in the porous sandstones, those villages 
which do not obtain their supply from the Suk Tawa and its tribu- 
taries are kept well supplied wi^ good water from wells. This was 
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especially noted at Bandabira near Sonada where a well on the lower 
ground between the village and the Suk Tawa River, was, during 
the month of March, full of water to within 3 feet of the sur^ce. 

In comicction with the water-supply of the Khyber,«Dr. F<uc 
is coufidcnt that water should be encountered near Ldndi Khana. 


Khyber Railway; N- 
W* Projtler. 


There is some doubt about the porosity or 
ethorwisc of the shales and limestones, but 
he recommends the sinking of a well at the con* 


huenco (d the stream courses cast of Land! Kotul. If this stream 


well fails to |>ruduce a large supply of water at a shallow depth) 
it will mean that the limestones are water-bearing, in which case 
a deep boring put down to these limestones sliould prove successful. 


OGOLOOICAL SURVEYS. 

During the field sinwoii 1921-25, the Bihar and Orissa party 
oonsistod ol Mr. II. Cecil Jones, in charge, Mr. J. A. Dnnn, Dr. M. S. 

^ , Krishnan and flub-Assistant L. A. Narayana 

Iyer. 

Mr. Jones, whom Dr. Krishnan aecompanied for training, carried 
out a mineral investigation of the Bamra State, during the course 
of which a preliminary geological survey was 
and*MlM. *** ’ ***'*^ made. The rocks occurring in the State are 
mainly gneisses, schists and quartzites of 
Archman age. Tn the north of the State typical micaceous and 
hornblondio Dharwar schists togi>ther with quartzites occur. Thin 
veins of })ugmstite and quartz run through the gneiss and 
Dharwar rocks, but the quartz veins are usually barren and the 
pegmatite consists of quartz and felspar with black tourmaline 
or muscovite mica. The tourmaline and mica are usually small in 
amount, tmd the latter is not of much economic importance. 

In the eastern part of the Btatc are nearly horizontal massive 
well'bedded quartzites with interbedded trap flows; these appear 
to bo of Cuddapah ago. In the extreme south-w’est and south-east 
corners of the State are Gondwana rocks. These consist mainly 
of Ta^ir sandstones and shales and of Mahadeva co^lomerataa. 
None of the Gondwana coal-bearing beds were seen, and there 
leaina little hope of finding ^1 in the State. 
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Mr. J. A. Dunn continued his work in the Singhbhum distrct 
oil Survey Sheets 73 f, -li | and ^ completing his survey in 

Sin bUuim district district. The greater number 

BUM?acd ft ri-f i* * ’ rocks are again regional mctamorphicsi 

bujb quite a large area of uiimetamoiqihoscd 
ru))resentativ«R of the Iron Ore series was covered. The Chakra- 
dharpur granite-gneiss is again an important type. A relatively 
small granite mass in the Girga Reserved Forest was met withi 
and the boundary of the (‘Kota Nagpur granite-gneiss also touched 
upon. The most important outcome of the season’s work has been 
the demonstration that the Dalnia Volcanic series with tile associated 
ph} Hites and mica schists of north Kinghbhuiii lielong to the Iron 
Or<‘ series. The gradual nietainorphism of the unaltered Iron Ore 
serie.s tiqies in the Kolhan, as tln^y an* followed west, both along 
till* strike and across the di]t, is, according to Mr. Dunn, remarkably 
clear. The zone of thrust- faulting between the nietamorphics of 
north Singhbhutu and the unaltered Iron ()re series, noted the two 
lirevioiis years, gives plahe to acute folding as it is followed to the 
west, on the western side of the Chakradharimr granite-gneiss. It 
is the presence of this thrust zone which seems to have been respon- 
sible for the correlation of the nietamorphics to the nort.h with 
the Older Metamorphics underlying the Iron Ore series in south 
fiiughbhum. 

IJie Iron Ore series may be divided into two lithological, typts, 
a sedimentary and fragmental on the oni* hand, and an igneous 
type of volcanic origin on the other. The sedimentary type varies 
from unaltered shales with occasional sandstones to highly meta- 
morphic rocks, such as mica schists containing minerals like garnet, 
cordierite, staurolite, kyanite, sillimanite and ]>iedmontite. All 
stages in this metamorjihism may be noted both along the strike 
and across the dip. Volcanic tuffs are frequently found associated 
with the sedimentary types, and there is no doubt that many 
of tho shales and phyllitcs consist in reality of fine volcanic 
dust. . 

For the most part, the volcanic flows appear to occur at the toj) 
of the Iron Ore series, but in several places there are interbedded 
phyllites bf sedimentary or fragmental origin. At least no Iron 
Ore rocks of sedimentary origin have been found to overlie tho thick 
series of volcanic flows. It seems possible that whereas in south 
Sin^^bhum the period was one almost purely of continual sedi- 
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iQ&ntatioa, ia north Singhhhura tho latter part of the period was 
one of pronounced vulcaniBiii. « 

The general utrikc of the whole series is approximately cast and 
west, witli acute overfohling from the north, but successive, west- 
pitching, geo-isoclinal folds have brought the western extension of 
the outcrops of tho Dalina Voh'anic flows to a progressively more 
southern position. In the north-west ])ortion of the area fold ing 
has been e.vtroinely acute, although remarkably regular, and this, 
<ioml)ined wit tho fact that tho flows commence to be separated 
by intercalated jihyllitcs as they readied their limit, has made tho 
mapping excec<lingly com])licated. It is in this portion of tho area 
also tint the in>aitnor|ihistn becomes more severe. 

In tho tSinghbhum district Mr. Dunn finds at least three distinct 
Iieriods of basic igneous activity, all probably within Archesan 
times, the hornblende schists of the Older Mctainorphic series 
being the earliest known aiul tho Daliiia Volcanics being the 
second in order of age. 'I’ho New(‘r Doleritos. so abundant as 
dykes in tho Singlibhiim granite, may ])ossibly bo Ouddapah in age, 
although there is good evulence for assigning them also to the 
Areluoau. 

Tile HucT(«s.si(m in Singhbliuiu put forward by Mr. Dunn is as 
iolloas : - 


5. Newer llolerito (altering to 
(‘jiidiorito) -Cudilapali oruarUur. 
1. Granites. 


3. 

2 . 


Uitraliasio igneous rocks. 

Iron ()ro series with the Ualma 
Volcanic flows at tho top. 


1 

Dharwar. 


Archaean. 


]. Older Metainorjihics. 


J 


Siib-.^ssistaut L. A. Narayana Iyer worked under Mr. J. A. Dunn 
in S. K. Siughbhum and iii the Porahat Goverumout Estate. 


During the 11)21-25 held season tho Burma Party of the Geo- 
logical Survey of India consisted of Mr. E. L. G. Clegg, (in charge) 
Uao Bahadur Sethu llama Ran, the late Cap- 
tain F. W. Walker, Mr. C. T. Barber and 
Sub-As.sistant B. B. Gupta. With the exception of Rao Bahadur 
Sethu Rama Rau who continued tho geological survey of the Mergui 
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’diNtrict, the whole party was engaged in work on the Tertiary rocks 
of Upper Burma. 

Mr. E. L. G. Clegg working in the Meiktila, Mymgyan and Sa> 
gAing districts on the north side of the Thazi-Myiugyan line, in an 
area boimded on the north and west by the Irrawaddy Kiver and 
on the south and east by latitude 21'^ and longitude 96° respectively, 
completed parts of sheets 84 ^ , and 

Sheets 84 and in the centre of the area had been pre- 
viously surveyed in the 1912-13 field season by Mr. Datta who 
had divided the rocks into Irrawadian and IVgus, rlassifying the 
Pegus as belonging to the old Yenangyaiiugiau sub-division, 
Dr. Cotter, to the south, classed the whole series as upper J’egus 
owing to the lack of any definite boundary, although he recog- 
nised tho Irrawadian characteristics of the upjimnost rocks. 

^'ontinuiug northwards Mr. Clegg has uia2)ped three divisions :■ — 

Irrawadian. 

Passage Beds. 

Bogus. 

No distinct boundaries occur between those three series which 
are generally conformable, but the Irrawadian is very arenaceous 
and usually consists of fawn-coloured false-bodded saudstones which 
contain an abundance of fossil wood ; shales occur only locally as 
lontiolcs, whilst grits with (j[uartz pebbles up to half-an-inch in 
ditinetcr are ocoasionally met. One or two small areas which Ulegg 
was at first tcin}>tod to map as old alluvium differ from the above in 
consisting of Acm^ar-imxircgnated, arenaceous and laminated clays, 
lu the latter in an area mapx>cd by Mr. Gupta about 4 miles west of 
Yainethin, the pronounced dip which occurs, makes one more in- 
clined to class them as a late phase of the Irrawadian. 

Tho Pegu rocks consist of an alternating series of sandstones 
and shales in which tho former predominate. The included sand- 
stones are harder and more comxiact, contain thin calcareous bunds 
and are less falsely bedded than those of the Irrawadian, whilst in 
isolated localities marine fossils specifically unidentifiable were col- 
lected from them. The shales of the series vary greatly in both 
colour and texture, ranging from fawn to steel-grey in colour and 
from fine aluminous to coarse arenaceous days in composition and 
texture. Selenite is occasionally found in then; in small 
quantity. 

' 
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The Passage Bed series was introduced after consultation with 
the other members of the party to distinguish- rocks which, owing 
to the rarity of ^posures, the lack of fossils and the lithological 
similarity of the rocks in the t*xj) 08 urc 8 seen to both Irrawadian 
and Pegu typos, could not bo, satisfact^orily classified. Pome such 
division as this soonis ino.viiable at any rate as a tom]5orary scheme 
—if the rocks are to be divided at all. In the type areas of these 
rocks in the Irrawaddy river valley south of Pingu, the divisior 
between Pegu an<l Irrawadian is rtjpresontod by either a red earth 
bed or a ferruginous conglomerate, indicative of an uncoiifoTmity, 
that is a temporary halt in the process of sedimentation, whilst in 
the area ma])])ed by Mr. ('legg, no such red bed is present. Although 
po.ssessing occasional local unconformity, the bods shew a general 
change from marine to fresh-water conditions. 

The rocks are folded into a series of broken anticline'^ and syn- 
ulines arrangctrl “ en ^chehn ” on a strike which varies frf)m N.W. 
'■•S.E. in the south of the ar»'a to duo N.— S. in the north. The 
crests of tho anticlines form the intermittent hill ranges and ate seen 
as Lsolatod jieaks and hogsbacks,” Taungtha Hill being the bight s-t 
and most eharactcrstic, althotigh other hills a] iproxi mating to it 
are found running N. by W. froni Natogyi, and from east of the 
village of Myotha south towards Moiktila. In the oast of the area 
ma])ped low hills run N. — H. along longitude 96° and, south of Ava 
at the north end of this low hill range, much broken and contorted 
hard Pegu sandstones crop out and are unconformably overlain by 
Irrawadian gravels and sands. These Pegu sandstones were placed 
in tho Sitsayan division of the Pegxis by Mr. Datta but no palsaon* 
tological evidence has been obtained to substantiate the subdivi- 
sion. 

Tho distribution of the rocks follows the topography, broken 
anticlines of Pegu rocks forming the hill ranges and Irrawadian the 
intervening valleys. The curious manner in which the Pegu rocks 
of the iniddlu part of the eastern flank of tho Taungtha Hill range 
and the western flank of Mingontaung have been scoured away, 
points to river action and was probably accomplished by the Irra- 
waddy River whilst in the process of changing its course from the 
Bamon Sittang valley to its present site. It is similar to the scouring 
which can be seen being carried out at present by the Irrawaddy 
River on the eastern flank of the north end of the Pyalo anticline 
below Thayetmyo. 
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The late Captain P. W. Walker carried out geological survey 
work in sheets 04^, 85 ^ and and in parts pf 86 -jL and 84 

in the Yanaethin, Thayetmyo and Magwc districts in continuation of 
bis previous held season’s work. The area surveyed, with the exception 
of sheet 84 "jj*, includes the country between latitudes 19° 45’ and 
20“ and longitudes 90“ J.V and 95'' 30'. Caiitain Walker recognised 
and mapped the following series : 

4 Alluvium 

3 Irrawadian. 

2 Pegu .ser'ex. 

1 Archa’an. 

Archman rocks occur ea.rt of Kyidaunggon in sheet 94 as a 
foothill spur from the Shan Plateau and consist of biotito gneiss 
traversed by a baud of crystalline limestone striking N. N. W. They 
can probably be comdated with the. gneisses with included limestones 
of the Sagaing Hills. 

Pegu Rocks folded into small pitching anticlines and synclines, 
which can only be traced along the strike lor short distances, are found 
in sheets 85 85 JL, 85 JL. 84 84 JL and 84 ^ and form 

the back-bone of the Pegu Yoma in the centre of the area examined. 
In sheet 85 — they occur as an alternating series of fawn-coloured 
sandstones and bluish thinly laminated shales ; in sheet 86 ~ as a 
series consisting of tl in bands ol calcareous gravel conglomerates 
interbedded in shales containing a small proportion of intercalated 
sandstones ; in sheet 85 as typical Pegus, composed of alternates 
of shales and sandst nes with calcareous bands, whilst in the main 
mass of the Yoma they are well exposed in the westward-flowing 
streams in sheets 84 85 and 86 as a series of soft fawn- 

coloured sandstones and greyish blue shales which alternate in all 
proportions. Thin bands of calcareous sandstone arc intercalated 
throughout the series and in these in isolated localities marine 
fossils Were collected. A major syncline in this area was traced 
through successive sections for about 10 miles. 

Irrawadian rocks occupy almost the whole of sheet 84 one th 
oast of the Yoma and consist of a monotonous sequence ol soft 
^wu-colonred sandstones, usually thinly bedded and well jointed. 
PiXtonsive denudation of conglomeratic beds in the series, which can 
be well seen in the Thinwondaimg and Peinyangtang Chaungs, has 
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given riae to vravcl anti pobble beds at Pyininana. On the west 
oidc of the l*eg(i Yoma in the aouth-weat of ahcets 85 ^ and 
Zrrawadian rocks occur in country having a very low contour jnd in 
which oiiUirops are extremely rare. In the north- aheet 85 —the 
Pegu-Irrawadian boundary ia marked by a aharp change in the 
aurfiice topography amd i-he ])re8enco in aome localitiea of a band of 
oHaractitristie ferrugiuoiia conglomerate, about 18 incbea thick and 
constating of f«*rruginona concra'tiona, gravad and. locally fossil wood, 
the whoh* being set in a ferruginous cement. 

Alluvium tjovers the eastern ]>ortion of aheet 94 and occurs 
in small patclu's along the larg<*r streams, whilat on the we.Ht of the 
Yoma is the large, alluvial Taungdwingyi plain. Great difficidty 
was experienced in the -whole area in sepnraling alluvium from 
Jrrawadian roeks and on the e4)st of the Pegu Yoma in fixing the 
Pegu- Ir ra wad ian boundary. 

Mr. (1. T. Barber in continuation of his previous season’s work 
carrietl on tim geological survey of the Meiktila, Myingyan and 
Pakokkii districls, completing sheets 84 J^, J|- and those 

portions of slieets 81 and-^ which lie west of the Thazi-Myingyan 
branch-line of the Burma Uailways, and the Irrawaddy Biver 
respeetiv(‘lv. In conformity with Mr. t’legg who was working to 
the east of Mr. Barber’s area, ami witli whom the examination of 
the boundary betW(*cn their two areas was carried ojit, the following 
rocks were mapped : - 

Alluvium, 

Irrawadian, 

“ Passage Beds,” 

Pegu series ; 

whilst further to the south-west the following surface deposits were 
h1s» recognised - 

Plateau Bod Earth. 

Plateau Gravel. 

The following are the characteristics of the variouB series recog- 
nised 

wiUuvium.-— Consisting of buff to brown sandy clay, composed 
of the re-sorted sands and clays of the Irrawadian, 
Passage Beds and Upper Pegus and containing abundant 
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kankar and frenh-water gastropods, witb a little derived 
fossil-wood. 

Phteau Red Earth.- Consisting of brick red, sandy clays in 
which kankar and dcriv«>d fossil- wood arc locally abun- 
dant. 

Plateau Gravel.— Vonmtmfi of large quartz jx'bbles and abun- 
dant fmgtncnts of fossil-wood in n loose, <‘Oarse. sandy 
niatriv. No hoiindnrv w’as delineated between the Pla- 
teau Red Earth or the Plateau Oravel and the underlying 
formations but the general distribution of the two former 
was noted. 

Irtavmluin. Consisting of bright, wliite, false-bedded sands and 
containing large blocks and trunks of fossil-wood and 
small quartz J>ebble8. 

Pufsage Beds. Consisting of alternating loose, white, false- 
bedded sands, locally characterised by small quartz peb- 
bles and buff to grey sandy clays with occasional shahs 
and im])ersist<wit tonqiact sandstones. Lateral variation 
is very cdiaractcristic of these deposits, 

Peqa fieries. (’onsisting of alternating coDi'j)act, lustre -mottled 
sandstocies and grey to blue shales and clays, in which 
f'ikse-bedcling and lateral variation are con8])ieuous. 
These dcqiosits are for the* most part bajrcm, but poorly 
pres(*rved lamellibranchs and gastro])ods are recorded 
from sevc'ral localities. 

The major [cortion of sheet 84 -y- is occupied by TT])per I’egus, 
but in a broad syncline between Awzachan (flfi" 3.3'; 20” 57') and 
Thabutkon (06° .37'; 20° .57') villages, the soft false-leddcd sands 
ol the Passage Beds are rejeresemted, and continue northwards into 
sheet 84^, where they form a belt some five miles in width, flanked 
on cither side by rocks of the Pegu aeries and enclosing a small area 
of Irrawadian in the neighbourhood of Yonzingyi village (96° 34'; 21° 
13'). On the western flank of this area of Passage Beds, the 
Pegu rocks are composed for the roost part of hard lustrc-mottlfd 
sandstones which are sharply folded and faulted into^a pronounced 
“ diaper ” struciturc, forming the Lebyo Hills, Similar sandstones 
alternating with blue to grey shales and gypsiferous clays continue 
Westward into the southern portion of sheet 84 .y., to the foot of 
Mount Popa, and a similar type of lithology can be traced noith- 
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wardu in tho hillB forming the anticlines of Taungalin (96° 26^; 21 ° 6 *), 
Kyatti (96° 22'; 21° 7'), Myinthadaung (95° -19'; 21° 4'), and Kabat 
(95° 3'; 21° 4'). Thos (5 anticlines pitch out in a northerly direc- 
tion and the Upper I’egns give place to rocks of the Passage Beds 
which also “ V ” down tho broad valleys between the anticlines 
theinstlves. Near Wclaung (95° 7'; 21° 9') is a small area of Irra- 
wadian, which continues northwards to Eyaukpon (95° 7'; 21 ° 11 '), 
where it is overlain by tho extensive alluvium ol the Sindewa Chaung. 

West of the Kabat anticline the sdtt white sands of the Irra- 
wadian again come in, and are hero separated from the Upper 
Pegus and i’assage Reds by a well defined red bed, which can be 
traced continuously in a north-north-westerly direction from Saing- 
gaung village (95° 10'; 21 ° 4'), for a distance of twelve miles and 
intermittently for another ten inib ‘8 to Lettok (95° 8 '; 21° 17'), 
where it is finally lost beneath the Irrawaddy Alluvium. Irrawadian 
deposits occupy the greater poit'on of sheet 84-^ i but rocks of the 
Pegu series again crop out in the Taungzin Hills in the extreme 
south-west. The boundary between the Irrawadian and tho Pegue 
in this vicinity is obscured by the alluvium of the Saikgwa Chaung. 

'rhe whole of sheet 81 -y west of the Irrawaddy River is occupied 
by alluvium which extends into sheet 84 y> where it forms a bell 
•omo thro <5 miles in width on the right bank of the river. 

Near Kuvnwa (95° 11'; 21° 25') Pegus rise abruptly from the 
alluvium and in the cliff-like sections which occur here, the rocks arc 
well exposed, but ome the cliffs have been ascended the solid geology 
is obscured by Plateau Red Earth and good ex]) 08 ures in tho Pegue 
are rare till tho Kyauktat Hills are reached. These hills form the 
eastern flank of a faulted anticline, the rocks forming the western 
flame of which are extrcuioly ferruginous and are overlain by the 
bright white kaolin bed which hero characterises the base of the • 
Irrawadian. Tho whole of sheet 84 - 7 , west of the Kyauktat 
anticline, is occupied by Irrawadian and alluvium, but exposures 
in the former are extremely rare on account of the surface deposits 
of Plateau Gravel and Plateau Red Earth, which here attain a 
considerable development. 


M^*. S. Sethu Rama Rau, working in sheets 96 -jp -j-, 

f T’ T» TT’ -IT'^ iS-Aih -f, completed the geological 
survey of the accessible Parts of the Mergui district. During thi* 
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course ot his survey Mr. Seihu fiama Bau recognised the following 
series and lithological types 

Moulmein limestones, 

Mergui series, 

Quartz Poq)hyry, 

Gneiss ; 

whilst in Mergui and the adjoining islands, grits, sandstones (with 
occasional siliceous infdtrations in Iheir cracks and joints), and 
eonglonu'rates were seen over a wide area, nnconforniably overlying 
argdiites of the Mergui series. 

Gneisses are c>tposed near Talobusa village and the series is made 
u]) of alternating bands gently folded into an undulating ridge*. 
They include all types from acid to basic, the founer consisting of 
(juaitz with a little biotite and the latter of hornblende, biotite 
and pyrites with a little quartz. Their relationshi}is with the 
Mergui series w'ere not se<‘n but Mr, liau bi'lieves them to be older 
than the latter and .probably compaial h with the early granites 
and gneisses of the Mogok frontier region. Intruded into these 
gneisses are coarse, irregular granites and iJegmatites whilst quartz 
v«'in8 of a later date intersect the whole. The general, strike of the 
intruded granite and quartz veins is 12'' W. of N. to 12° E. of S. 

llegular ridges of quartz porphyry which are well exposed in the 
islands north of Pasc Mira on the Talcbusa ('haung, and in the 
island near Sungei Mukang adjoin the biotite granites of the gneissic 
series : the quartz porphyries and these biotite granites are believed 
to be genetically related. 

The Mergui series is made up of slates, quartzites, grits, conglo- 
merates, argillites and kaolinised sandstones and generally strike in 
a direction 70° W. ot N. to 70° E. of S. They are folded into a series 
of anticlines and synclincs and in Lumpi island complete reversals 
of the strata were seen within a distance of one hundred feet. North 
of Kayang on the oast of Lumpi island a band of slate includes 
pebbles of granite varying in diameter from one to nine 
inches. 

The Moulmein limestones, which consist of coarse crystalline 
unfoBsiliferouB limestone, form the Turret islands, a group whose 
precipitous limestone cliffs rise sheer from the sea, thus rendering 
the relstionediips of the limestones with the rocks of the surround* 
ing islands indeterminable. 
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Sub-AwjiHtant B. B. Gupta, working in tho Yamethin and Magwe 
districts, oomplacd sheets 93 84 ^ and ' portions of sheets 

93 I and 93 “• 

Sheets 93 f and 84 consist ol Upper Tertiaries and rocks 
of tho Irrawadian and fegu scries were mapj)ed. Lithologically the 
Lrrawaili<iu rocks are coiiiposcd of soft loose sandstones and gravels 
whilst K<hI Karth is se<‘u as a surface deposit in areas where the 
topogra[»hy is Hat'. Fossil wood in (piantity was only seen in two 
loe.alities. tho Hrst 2^ inih* S.8.W. of Inbingyi and the second about 
I mile iS.S.K. of Ohinbyitkyiu. In the Yedoyo Chaung a rather 
dilforeiit type of do]>osit was met with, consisting of unfossiliferous 
argillaceous grey sandstones with occasional sha1(> partings, but was 
overlain to the east by the usual type -of gritty Irrawadian sand- 
stone. Vertebrate fossils were scarce hut a tooth, provisionally 
referred to (Jervus latklem (liyddekor), was obtained from the 'left 
Bank of Ijigon (’haung, 2 miles N.W. of Indawgyi, and broken fossil 
bones from 1 mile S.W. of Indawgyi, and on the hill 3J miles S.W. 
of Myohla. A Mastodon tooth, said to have been collected in Tngon 
(iliaung, was se<‘U in tlm posscssimi of the Thegyan hpoongyi. Pegu 
rocks underlie those of the Irrawadian to tho west and consist of 
alternating beds of sandstones and shales varying greatly in texture. 
They are f(tld<id into a series of anticlines and synclines, Irrawadian 
rocks ocelli ring as outliers in two of the s^nclines; the more 
westerly of tho latter is continuous with one ma])])ud by Mr. C. T. 
Barber m sheet 81 q during the 1923-24 held season. The axes 
of these fohls a])proximato to the strike of tho rocks i.e., N.N.W. — 
S.S.G. 

Red Garth occurs on Pogu rocks in flat areas in tho north of 

p 

sheet 84 jj, and small fragments of fossil wood aro common near 
tho wostoru boundary of tho more easterly of the Irrawadian out* 
liors mentioned. 

The following fossils were identified from the localities 
cited : — 

(1) Half a furlong S. of Sigon (in hard compact sandstone)— 

Balanus sp., Badanm {Chirona) subloBvis. J. de C. 8ow., 
Ceratxdrochtui alcocki, Hoet., Oxyrhina spuUamanii, 
Bon., Peefen? kokenianua, Hoet., Jrca sp.. OaUna 

sp. 
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(2) IJ miles S.W. of Aingdo (in compact greyish brown sand- 
stonol — 

Carcharias {Prionodon) gangeticus, M. A; II., Alojnas 
Omclin. 

(;^) Bwet Chaimg about If miles 8. of hill “ 1470”, Kyaiikgyi 
(laimg, just below ibe junction of two stTeaiiiH 
Balams sp., Membranipora sp., Oshaa sp. 

(4) IJ miles N.N.W. of Aingdo (in calcareous sandstone)- 
Marginella s])., Ringicula cf. hornesi. 8eg., Rwgmda sp., 

Cardiin sp., Fish teeth (indeterminable). 

(5) 2 miles S.S.E. of Aingdo (in calcareous sandstone)-- 
Ceratotrochus sp. 

(0) I mile 5 furlongs N. 10® W. of Pyazi; — 

Cmihium sp. 

In sheets 93 f and 94 ^ Mr. Guj)ta W’orkcd along the bound- 
ary between the Samon Sittang alluvium and the ancient rocks ol 
the Shan Plateau and was able to recognise the following types : 
giifisHose biotite granite, crystalline limestone (sometimes gaTnetifei- 
ous), slates and quartzite. Although sufficient work was not car- 
ried out to make the relations of all these lithological types clear, 
Mr. Gupta formed the opinion that the slates and quartzites belong 
to the Ohaung-Magyi series, recognised in the Northern Shan States 
by LaToucho, and evidence of the intrusive nature of the gneissose 
granites into this series was seen on the Kyatpye-Kangyi footpath 
in sheet 93 where fragments of quartzite and slate had been 
caught up in the granite. Besides quartz and granite veins, quartz 
liorpliyrios were also noted in the Ohaimg-Magyis but only the 
former carried the various ores of lead, copper, iron, grajihitc, etc., 
noted during the course of the survey. 

The Central Provinces party comprised Dr. L. L. Fermor (in 
charge), Messrs. H, Crookshank and W. D. West, and Sub-Assistant 
CeotniPr vi p r#ir Bhattacharji. Dr. Fermor continued his 

^ ’ survey ot the Sausar tahsU, Chhindwara district, 

and the adjoining portions of the Nagpur district. For a while 
Mr. Crookshank accompanied Dr. Fermor and he was then 
allotted work on the Fandhuma sheet to the west ot the 
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SauHar sheot. On completion of this he joined Dr. Fox in northein 
fihhindwrara, whore he was engaged in Work on the Gondwanas, 
as well as in adjoining parts of the Narsinghpur district. Mr. 
West was alIott(‘(l iho IJeolapar sheset in the Nagi^ur 'district ; his 
work there was interruirtod by a visit to Kathiawar, and was 
terminated early in order to enable him to commence work 
in the Himalayas with Dr. Pilgrim. Sul^Assistant Bhattacharji 
continued his prt>vious work in the Nagpur district. 

During this season Ur. Permor completed the examination of a 
small tract loft unfinished in the Sapghota Reserved Forest, Nagpur 
district, and thereby completed the Sausar 
Nagpur"distr]c(8 sheet (5.5 i). The Sapghota forest is occu]>ie.d 

almost entirely by the continuation of the 
Mogra synclinoriiim mentioned in the previous, review, and with the 
Mogra ar»ia exceeds in intricacy of folding and variety of rocks any 
ground yet investigated in the Central Provinces. The succession 
of rocks in the Sapghuta forest comprises the complete series of 
stratified Archaean rocks of the Sausar tahsU referred to in the 
])revious General Report from calc-granulites at the base to hornblende- 
schists at the tO]), with tlui exce|)tion of the gonditic horizon, which 
is represented only <loubtfully by a thin band of garnet-quartzite. 
The dolomitic stage is re^nesented both by the normal serpentinous 
types, and by the scapolitic Mogra suite referred to last year. In 
addition there is a thin stratum of felspathic quartzite soroetimrs 
micaceous, found at an horizon intermediate between those or cne 
dolomitic and calcitic marbles, and overlying the gamet-quartzite 
referred to above. Finally in the N.E. corner of the forest there 
is a completely new type, namely a garnct-anthophyllite-schist, with 
large spongy ])ink garnets up to two inches in diameter, and prisms 
of anthophyllite up to one inch in length. In places the garnets arq 
absent. This rock occurs in considerable masses, but the folding is 
so complicated, accompanied doubtless by much overthrusting, .that 
it is impossible to be quite certain of its exact stratigraphic posi- 
tion ; whether, for instance, the anthophyllite schist is a special 
metamorphic phase of one of the rooks previously studied, or whether 
it represents an horizon not hitherto encountered. After consider- 
ing all the available data Dr. Fermor is of the opinion that 
this rock represents an additional horizon immediately above the 
hornblende-schists, a view which was confirmed in Mr. Bhatta- 
ohatji’s ground neqr Chorbaoli on the Ramtek sheet, where a small 
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(lutorop of the same garuet-anthophyllito-schist waa found in well 
but” leas intricate ground, and again probably overlying hom- 
l)U‘iuie-.Hchist. In the previous season, at a point near Tekari about 
J miles to the north of the Bajighota anthophyllite-schist, and in 
iimcli less intensely folded ground, a band of magnctite-quartz-rock, 
also probably overlying horn blende-schist, had been found. No 
evidenre has been found, however, to show the relationship to 
t'Ach other of the anthophyllite-schist and the inagnetitc-quartz-rock, 
and these two have been grouped provisionally together until lurther 
evidence is forthcoming. 

In addition to the anthophyllite-schist the intensely folded norfli- 
ca-it corner of the tkpghota forest shows other fresh tyjies ; these, 
instead of representing additional horizons in the stratified sequence, 
are probably special metaniorphic jihases of previously studied 
tvpcs. Tarticularly distinctive is a mono-inineralie green schist 
coni|)OKed. according to Dr, Fermor, of an amphibole with the 
lilcochroisin and extinction , angles of pargasite, but optically 
negative. It is not yet clear whether this schist is a derivative of 
tiu! diopsidites, and thus belongs stratigraphicully to the dolomitic 
stige. In addition there are tremolite-schists, and actinolitc- 
sehists, both belonging to the dolomite stage, and also normal 
hornblende schists. There are also many varieties of pyroxene rocks 
representing both the dolomitic and hornblende-schist stages ; one 
interesting type being a diopsidite rich in clinoohlore and spinel. 
Largo garnets have been formed not only in the anthophyllite-schists, 
but also in intensely compressed biotite-gneisses rolled out into 
schists. Sillimanite has also been fonned as a shear mineral. As 
the result of a change, presumably of somewhat later date, but not 
before folding movements ceased, the garnot-anthophyllitc-schists have 
m one place been converted into spotted chlorite -schists, the spots 
representing the former garnets. As will be judged from the foregoing 
catalogue of types the intensity of stress in this corner of the 
forest has been very great. 

Dr. Fermor proposes to call the whole succession the Sausar 
“'Ties and to allot to the various stages the names shown in the 
accompanying table. All the stages named are found on the shoot 
mapped, with the exception of the Kamtek qfuartzites, which, judging 
from Mr. Bhattacharji’s mapping, must overlie the onthophyllite* 
schists (Sap^ota stagey. As will be recalled from previous leviewa 
the vatiooB membra of the Sausar series as thus de&oed are inroal^ 
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Beparated one from another by acid biotitp-gnciBBes^ which have been 
treated as oTtho-gneisscs representing iarge-scalc intrusions that haA e 
Bepurattnl one from another the various members of the stratified se- 
quence. Mr. West, as a result of his last season’s work has suggested, 
however, that certain of these gneisses, in particular the sillimainlt' 
garnet-gneisses or schists and the fine-grained biotitc-gneibscs, nay 
really be para-gneisscs and schists. 


Tabular Statement of the Sausar series. 


Name of stage. 


TypelocaUtiee. 


Chief rook types. 


ICaiiitek (NP . 


Hamtok Hills 


yapghota(N) . 


Sapghota 

Foll'Ht 

Tekari 


H e 8 e r V e d Carnet anihophyllite-sohists : chlo- 
(N) rite-Bohists. 

. . . Magnetile-quartz-rock. 


Siiapar (0) « . 


Biohua (C) 


Ohurbauii(N) . 


Sitapar, Sapghota 
Uoservocl Forcht, 


H ornblende-schists, ‘ gamet-am - 
phibolites, pyrozmites. 


Uic'hua ((}), lik'htia (N), 
Khapa Padri IleT><*rvod 
Forest (0). 


Motf ra (C —for Mogra 

type). 


While dolomitic marbles, cipoN 
linos, spinel-, ehondrodite- and 
serpentine - inarbleB, diopsidi tes, 
diopsido -quartzites, ire moliie - 
actinoliie-Bchists. 

Scapolite-granuliWs, scapolito- 
diopside-marblee. 


. I Ohorbaoli 


Sapghota 

Forctit. 


liohor y od 


F e 1 B p a t h i c muscovite-quartz- 
schists. 

JUicrooline-quartzites. 


Mansar (N) or Con- 
dite stage. 

Iiohangi (0) . 


Utekata(O) . 


Mausar, Ramdongn (N), 
Waghura (0). 

Lohangi, Qhotni (0), 
Maharkiind (N). 

Devi (C), Ghogara (N), 
Junawani (N). 


l7iekata,Qhoti (0), Pare* 
ghat Reserved Forest 
( 0 ). 

Jirola (0-*for Jirola 
type). 


Gondite series, manganose-ore 
bodies ; perhaps certain garnet- 
quartzites. 

Pi^ oaloitio marbles* oalciphyres. " 

Black manganiferous marbleSt 
piedinoutite-marblos, and some 
manganese-ores. 

Galc-granulite. 


Uornblende-biotiie-gmnulites. 


The letters 0 and N indicate the Ohhindirara and Nagpur districts lespectivdy. 
* In addition there aie probably homUende-ichisIs* etc., lepnsenting intnisives* 
piobaUy of the sameage. 
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‘ If the garnet-silliumnite-gueisscB prove to be para-gueituiue tlieu 
three additional stages will be needed in the section ol the bausar 
series between the Bichua stage (dolomitic marbles) and the Lohaugi 
stage (calcitio marbles). 

In the Sausar series as thus dciined perhaps the most important 
hoiison is that of the Gonditc series and manganese-ore deposits 
(the Gondite or Mansar stage). The rooks eomprised by the Goudite 
series are of a very unusual type and it seems unlikely, though it 
is of course not impossible, that there should be two such horizons 
111 the Indian Archaian seciuenoe. For this reason there are pros- 
pects of correlating by its aid the Areha'an sequences of seveial 
parts of India. The late Mr. Burton’s ISonawani series of the 
Baiaghat district is evidently equivalent to a portion of the Sausar 
series. The Chilpi Ghat series, which betauhe of the liasal conglo- 
merates of Oliiljn Glwt itM‘11 Mr. Burton n‘garde(l as scpoiatid 
fiom his Sonaw'ani series by an unconformity, may, however, piove 
u>tui valent to another portion of the Sausar seiies. The diiliculty 
of correlating the Chilpi Ghat series with tlie Sausar series on the 
basis of the manganese-ore horizon is duo to the absence of marbles 
from the former and to the prcscuice ol the gri*at thickness of 
j'hyibtes overlying the manganese-ore hoi izon. and of the eongJo- 
merales underlying the iiianganese-oie horizon ; the phyllitcs are 
al)S(!nt from the Sausar series as at jiresont limited. Should subse- 
cpicmt work support Mr. Wc'st’s suggestion, however, that tlie ganiet- 
silliinanite-giieisses and schists are para-gneisses, that is to say 
iiietamorphosod argillaceous sediments, one of the difiicultus 
will have disappeared, for it will be possible for them to rejiresent 
the Chilpi phyllites in a more intensely metanioiphosed form. 

Gonditic rocks have been found in tlie Gang}>ur State of Orissa 
and sporadic occurrences are known in Central India, Bombay and 
possibly Bajputana (Banswara). Thu white marbles of Kaj])iitaua 
are so similar lithologically to those of the Bichua stage of the Sausar 
series that another line of correlation may lie hero. It seems possible 
also that wja may be able to correlate the rocks of the Kastern Ghats 
in the Madras Presidency with those of the Central Provinces, if 
Dr. Fermor is sound in his suggestion that the koduritic rocks of 
the Ganjam and Vizagapatam districts may be hybridised gonditic 
occurrences. 

Ab is noticed on page 92 certain of the rocks of Bakrasanballi in 
the Kolar district of Mysore bear a close resemblance , some to 
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members of the gondite series and others to the black mangani* 
forous marbles of the Central Provinces (Lohangi stage). Mr. 
Jayaram of the Mysore Geological Department considers that the 
rocks of the tSakrasanhalli area represent an older section of the 
Dharwar series than has hitherto been recognised. 

By using the (Gondite series as a datum line, with the marbles as 
confirmatory evidence, it may prove ultimately possible to link up 
with tltb Central I’rovinccs certain Archsean tracts of Bajputana, 
iSinghbhum and Orissa, the Eastern Ghats of Madras, and Mysore. 

Before joining Dr, Fox in northern Chhindwara Mr. Crookshank 
spent about a month in the vicinity of Pipla and Mohgaon on the 

CbhMwara district. (5.'} in order to com- 

plete the boundary between the^lluvium and the 
Deccan Trap and to trace to the west various faults and dykes 
seen in the Sausar tract to the east. A marked east-to-wost fault 
with a downthrow of some CD feet to the south was traced through 
the traps at Pindrai and Sawajpani, and throe basaltic dykes were 
mapped. The hows tbomsoXves ato ol the normal type, mainly 
basalts with somo doWvtcs. In the vewcnlar surface oi one ol 
thorn Mr. Crookshank found abundance of the zeolite ptilolitc. 
rUe huriaec teliot round Pipla is marked and there are distinct 
to.xtural differences between certain of the flows, as well as two 
marked iutertrai)i)oan horizons. In one of the latter abundant 
remains ot plant fossils were discovered, as well as shelly fragments. 
. The plant fossils include two coniferous fructifications, which have 
been passed for pur])osc8 of study to Prof. Sahni of Lucknow, 
who considers them to be of some importance. 

The flows of Pipla compared with those ol Linga near 
Chhindwara appear to bo identical. It was found that the basal 
flow of Pipla was markedly ]tor|)hyritic like the basal flow of 
Linga, that the second flow ai»peared to he identical in each area, 
being doleritie with a flaggy section, and that the third flow of each 
area is markedly rich m chloroiihseite, thougli with this difference that 
the Pipla flow is largely doleritie whereas the Linga flow is basaltic. 
Two other pairs of flows seem to he sufficiently similar to he correlafa- 
blc. If the iiarallclism between these two sots of flows can be 
trusted, it affords an illustration of the fluidify of the Deccan Trap . 
lavas. Pipla is 25 miles S.S.W. of Linga, so that the same flows 
muBi have spread continuously over a distance of more than 25 miles. 
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Mr. W. D. West commenced work this season on tke Deolapai 
sheet (65§ ), which is two sheets to the east of the Sausar sheet 
mapped by Dr. Fermor and immediately north 

Nsgpur dbtrlct. of the Ramtek sheet mapped by Sub-Assistant 
Bliattacharji. In the ground mapped cappings 
of Deccan Trap were absent, but amongst the Archteans, on which 
the work was much hampered by widespread alluvium, Mr. West 
found most of the main stages of the Sausar series as developed 
in the Sausar tract. The rocks are arranged in parallel belts 
striking across country to the S. E,, that is with a similar strike 
to that of Sausar ; the structure, however, is much simpler than in 
Sausar. First there is a synclinorhim of dolomitic marbles and gneisses 
in the Junawaui Reserved Forest; this is followed to the north-cast 
by an antidinorium of calc-gianulitcs and calcitic marbles, between 
Piparia and Jhanjhai'ia ; this again by a synclinorium of dolomitic 
rocks (of Mogra facies) west of Dongartal, overturned towards the 
north; and this by some simple anticlinal and synclinal folds of 
* calc-granulite and calcitic marble, between Dongartal and Kamti. 
All these folds are continued to the south-east where they mostly 
disappear beneath alluvium. Mr. West’s work confirms Dr. Fojmoi’s 
I<ro visional order of Httporpomiion which phtci‘8 the cslc-granulites 
.vt the base, and also confirms the inversion of the beds in the belt of 
••omilry to the south as maj)p(»d by Messrs. Cotter, Clegg, and Bhattsr 
ehiirji.* The rock seipienco in Mr. West’s ground is as follows : — 

Dolomitic marbles and associated rocks. 

Spotted mica-schists. 

Muscovite-quartzites. 

Para-schists and gneibses (including comjiusite gueisbcs). 

Calcitic marbles. 

Cale-granulites. 

In addition there may bo granite and hornblende-schist at all horizons* 
The spotted biotitc-schists are the rocks termed schistose silli- 
manite-biotito-gneisses by Dr. Fermor, whilst the para-schists and 
para-gneisses comprise Dr. Fermor’s fine-grained biotite-gneisses and 
associated schists. Mr. West’s suggestion that the rocks of these 
two horizons may be metamorphosed sediments is an important 
one which, if verified, will necessitate a re-adjustment in views 
provisionally held hitherto. 


‘ Reo. Q. & I., vol. Uy, p. 47. 
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The main reasons for the view that these rocks are para^gneisses 
and schists are the facts that they occupy a definite stratigraphical 
position and that if they were ortho-gneisses and schists they should 
show cross-cutting relations to the definitely accepted Inembers 
of the stratified sequence, which they do not. Mr. West explains 
the supposed marginal contact effects on the dolomites as represent- 
ing a change in the composition of the original sediments where 
grading into a sediment of another tyjie. 

Concerning the calc-grauulitcs Mr. West accepts the view that 
they are the product of the Ht-jiar-lit intrusion of an acid magma 
into calcareous sediments : he suggests that they were not formed 
from a limestone as relatively pure as the overlying ])ink marble, 
but from a less pure limestone possessing a laminated or bedded 
structure wliich facilitated the introduction of the thin .sheets of 
the acid magma that ]jrodnced th(‘ hybiid. Concerning the nature 
of this magma there is room for a difference* of ojiinion, as it has 
interacted so intimately with the limestone that its original nature 
can nowhere be seen within the calc-granulitc. Also no feeders 
are* seen. Dr. Fermor had po.stulated the fine-grained gneiss magma 
of grou]) 1 as the intrusive, but if Mr. West firoves correct in his 
views that this gneiss is a para-gneiss, then another source must 
be sought. If the fine-grained gneisses be excluded in Mo. there 
is no competent igneous rock exposed. There is an abundance of 
loucocratiu granite but its date of intrusion is subsequent to the 
folding of the banded calc-granulites. Dr. Fermor considers, however, 
that he has good evidence that a certain fine-grained gneiss 
containing grains of iron-ore (ilmenite in part) has been concerned 
in the formation of the calc-granulites, A possible solution to 
this divergence of views is that amongst the fine-grained gneisses 
are both ortho-gneisses and para-gneisses. 

A notable feature amongst the rocks of the dolomitic suite is the 
mineral variety which is attributed to reactions between the dolomite 
itself and presumed oiiginal impurities. In particular the appear- 
ance at different points of forstcrite, tremolite, and diopside is 
accounted for on the basis of the mass quantity of silica available. 
One interesting typo discovered is a tremolite schist containing 
colourless garnet and yellow vesuvianite. 

Another interesting point which Mr. West has worked out is 
the orystalloblastic order of the minerals. In ordinary igneous 
rocks the order of crystallisation of the minerals is deduced by noting 
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the relative idiomorphism of one mineral to another, and is dependent 
on the fact that the minerals have crystallised with falling tem- 
perature. In metamorphic rocks, however, the reactions by which 
the minerals are formed take place under the influence of rising 
temperature, so that in effect there is simultaneous crystallisation, 
giving a set of minerals representing the equilibrium under the 
highest temperature that prevailed. The shape of the crystals 
and their relations one to another will depend partly on such factors 
as crystallising force and partly on the particular reactions that 
take place. Instead of the “ order of crystallisation *’ that pertains 
to igneous rocks we have the ‘‘ crystalloblastic order ” of Becke. In 
the area of high metamorphism we are considering, crystallisation 
must always have been complete, and it has, therefore, been possible 
by the study of a sufficiently large number of slider, to work out 
the crystalloblastic order of most of the minerals in these rocks. 
Leaving out certain minerals, the position of which is undetermined, 
the following order was arrived at:-- 


1. Sphene, sillimanite, tourmaline. 

2. Epidoto. 

3. Muscovite, amphibole. 

4. Biotitc, pyroxene. 

5. Scapolite. 

6. Plagioclase felspar. 

7. Quartz. 

8. Potash felspar. 


Nsspur dbtrlct. 


The area surveyed by Sub*Assistant D. Bhattacharji occupies 
the northern portion of standard sheets Nos. 65-^ and 65'^, between 
latitudes 21° 25' and 21° 30', beginning from the 
eastern margin of the Ramtek tohsil down to the 
Pouch river on the west. The formations seen were alluAnum and the 
Archssans, the latter comprising most of the members of the Sausar 
series as well as various gneisses and intrusive granites and pegmatites. 
The latter are divisible into two groups— older and younger — primarily 
by the amount of movement and metamorphism they have undergone 
and secondly upon mineralogical grounds. The rocks of the dolomitio 
suite have been found to separate the slabby quartzite and muscovite- 
quartz-schist not^ previously. The former, seen typically in the 
Bamtek hills, is regarded as a typical sediment, whilst the latter, 
eonceming the origin of which there may be some doubt, is well seen 

o 2 
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in the Junawani Reserved Forest near Chorbaoli. Dr. Fermor consi* 
ders Mr. Bhattacharji's evidence sufficiently good to justiiy the 
outcrops in these two areas being taken as typical of twq difierent 
stages and has added them to his Hausar series as the Bamtek and 
Chorbaoli stages in the table given on page 78. The muscovite- 
quartz-Bchist of the Chorbaoli stage is described as a good mappablo 
horizon and often contains pebbles distorted by crush, the presence 
of the latter being an additional criterion for its identification. 

As the evidence obtained by Mr. West confirmed the order of 
superposition of the strata as worked out in the Sausar tract, the 
rooks of the Parseoni and Bamtek area must now be looked upon 
as a reversed sequence. Mr. Bhattacharji constructed an ingenious 
model with paper and plasticine representing the folds over a 
considerable strength of country in order to sec how this inversion 
could be possible. It was found that with slight adjustments of 
the model it was possible to make pitching synclinal folds simulate 
anticlines and vice vefsd. 


The coalfields party under the charge of Dr. C. S. Fox included 
Messrs. E. R. Gee and A. K. Banerji. and for a short time Mr. It. 

Coalfleldt Party Crookshank. The field season was spent in a re- 
examination of some of the Central Provinces 
coal areas. 

Dr. Fox and Mr. Goo are in agreement that the previous work 
in the Wardha Valley carried out by Mr. T. H. Hughes had fully 
. , p elucidated both the structure and succession 

cor rornces. Gondwana strata in that region. The 

exploration which has taken place since Mr. Hughes mapped the 
Wardha Valley coalfields has allowed a little more precision to be 
obtained in regard to minor boundaries and faults in that area. Mr. 
Gee is of the opinion that the sandstones seen north of Ellichpur in 
the Amraoti district are newer than the Barakar bods — a view 
originally held by Mr. W. T. Blanford and also by Mr. J. Q. 
Medlieott. 


Ceotral ProWnces. 


Dr. Fox and Mrs Gee have proved the existence of coal-bearing 
strata close to, and often exposed at, the surface to the north of the 
tract of Barakar beds shown on the older geological maps of the 
southern Satpura coalfields. This occurrence is due to the step- 
faulting which is present, and which has a down-throw generally 
to the south in beds which steadily dip northword. 
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Time did not permit of the separation of the coal-boaring forma- 
tions from the younger strata in this region, throughout the area 
visited, a separation which the lack of exposures at critical points 
and the difficult nature of the country would have rendered laborious. 
Enough is now known, however, of the coalfields along the southern 
inargm of the Satpura-Gondwana basin to indicate that the available 
coal resources of this tract are greater than previous estimations. 

Dr. Fox’s traverses have* led him to believe that coal-bearing 
rocks will be found at no great depths in the valleys of the Denwa, 
Monbadra and Tawa rivers to the southwest and southeast, respec- 
tively, of the Pachmarhi hills. Tie is in particular impressed with 
the possibility of a hidden coalfield in the low ground inimodiatcly 
north of TIasdiwari and south of Delakliari. The strata in this area 
are unfortunately somewhat interrupted by the great masses of 
intrusive dolerite of Deccan Tra]) age which are there very conspicuous. 

The hard sandstones forming the anticline seen a mile south of 
Tindi near Khairi, 10 miles west of Mohpani, are thought possibly 
to be associated with the coal measures of the south Narbada Valley J 
if so the area may be Avorthy of prospecting. Dr. Fox is of the 
opinion that the numerous bore-holes which have been ])ut down 
near Gotitoria have proved little, and that the location of some 
of the bore-hole sites in this area were not as wisely chosen as they 
might have been. He is unable to agree wifh the view that the 
coal seams which were found further to west near Bagra and again 
near Lokartalai are in strata of the Jabalpur beds. His opinion 
is the same as that originally hold by Mr. W. T. Blanford and 
supported by Mr. J. G. Medlicott : it was subse(]uently discarded 
by Mr. H. B. Blanford. This view is that these coal scams are in 
strata of Damuda ago and possibly the equivalent of the Barakar stage. 
Although these coal-seams belong most jirobably to the same scries 
as those of Mohpani, they arc much thinner ; the coal, moreover, is 
of poorer quality and may prove incapable of profitable ezploitaticm. 

The conclusions that the upper Gondwana rocks of this region 
are much thinner in total amount and form* a repeated series of 
different varieties of sediments of nearly the same age, have been 
supported by the traverses made by Messrs. H. Crookshank and 
A. K. Banerji and^also by the discovery of old field maps by 
Hr. V. Ball. These conclusions agree with the original opinions 
expressed by Mr. J. G. Medlicott previous to the drastic revision 
instituted by hia. brother. 



86 


Iteoords of the Geological Survey of India. [ Voi/. LIX. 


The present view is that the topmost sandstones of Tamia and 
the southern part of the Pachraarhi hills are the same as those 
capping the highest hills south of Mohpani which have been called Jab- 
alpur beds. The banked conglomerates and limestones of the Bagra 
beds are a shove facies of the sandstones and red and variegated 
clays of the so-called Denwa stage and that these again are equi- 
valents of the Motur Stage. There is a great variation in the 
proportion of sandstones to red clays in the Denwa-Motur group 
as these beds are traced southwards and south-westwards from 
the Aujan gorge south of Fatehpur. Sometimes the clays are 
more abundant, as around Jhispa and in the Dudhi Valley be- 
tween Khapa and Bamani ; in other cases the clays are very sub- 
ordinate, as in the northern part of the Fachmarhi hills south 
of Singanama. 

Below these beds there are further clays and sandstones, Such 
as those of north Delakhari ; those are probably the equivalents of 
the Alimod beds and possibly the representatives of the Kamthi 
bods of Nagpur and the Panchets of the Damuda valley. 

Under these strata occur the Bijori beds, which are identifiable 
with the Kaniganj Stage of the Bengal coalfields. There is, then, 
some obscurity in the succession owing to lack of exposures, and to 
the overlap of the Motur facies of the Denwa. The next beds seen 
are the coal measures of the Poneh valley, etc. ; these lie on the 
Talchirs. 

The field work shows that there must be a considerable strati- 
graphical break between the Damuda and the Mahadeva series in 
the Satpura basin, particularly along the margins of the basin 
both to the north and south. The younger beds have been more 
completely removed by denudation along the south of the basin, 
possibly because these beds were thinner in the south, and thus 
the (dd rocks are better exposed. 

The coal seams appear to be best developed in the middle strip, 
from north to south, about 16 miles wide from Mohpani to Jamai. 
To the east as well as to the west the seams become thinner and 
appear to deteriorate in quality as a fuel. 

The general structure from north to south is that of a basin 
but the beds have been subjected to some compression as there are 
three or four anticlinal axes trending 76® E. of N. — 76® W. of S. 
There are several faults parallel to the same direction; most of 
^hese throw down to the sou^ but there are strong main faults 
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in the north and in the south which appear to throw the beds down 
to the north. 

There is also a general low dip to the east and to th' west from 
a N. and S. line trending through the Pachmarhi hills The whole 
of the Qondwana strata have a tilt to the north and this is the most 
conspicuous feature, Talohir .beds being found at an altitude of 
2,500 feet along the southern margin and similar beds at 1,200 
feet along the northern margin of the basin. 

Mr. A. K. Banerji, on his return from deputation in London, 
was directed to join the Coalfields party in February and was given 
the Mohpani coalfield to re-survey. This rc-survey has demonstrated 
the excellent nature of the original investigation carried out by 
Mr. II. B. Modlicott in 1860-70. Th^ area is complicated in struc- 
ture and large-scale uia])S would be necessary to elucidate all the 
minor details of folding and faulting. From a commercial point 
of view it is doubtful whether the preparation of such maps would 
be justifiable in view of the disturbance to which the beds have 
been subjected. No fresh discoveries of workable coal have been 
made and the question of the northward extension of the coal- 
bearing series beneath the Narbada alluvium has yet to be answered. 
Mr. Banerji is inclined to believe that, since the general structure is 
that of an anticlinal flexure, such a hidden extension to the north 
is probable but that it is very unlikely to extend to any distance. 

The Shahpur coalfield comprising the area of Baiakar rocks in 
the northwestern part of the Betul district of the Central Pro- 

Shalipiir coalfleld, Betttl '’‘nccs* was re-investigated by Mr. Gee. Up to 
district ; Central Pro- the present efforts to exploit the area have met 
'^*"***‘ with very limited success, but it would be unfair 

to judge from past results since no attempts to prove the succession 
by boring have been carried out. Efforts appear to have been 
concentrated — in most cases ’in ignorance of the geological structure 
of the seams—on the sinking of a number of diggings within a 
Very short distance of a coal outcrop observed in the bank of a 
neighbouring stream-course. Such primitive attempts, regardless of 
the damage done to the seams by flooding during the rains, have 
not unexpectedly met with little success; many of them were 
inaugurated during the boom season of 1919-20, and the workings 
have since been abandoned. 

A previous survey of the field was carried out by Mr. Medlicott 
during the field-season of the year 1875 and, during the present 
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inspection, no great differences as regards the- extent of the various 
divisions of the Lower Oondwana rocks of the area were' encountered. 
It was from the point of view of the structural details within the 
field that the conclusions arrived at wore at variance with those of 
Mr. Mcdlicott. 

The strata on the whole dip to the north or north-east at a low 
to moderate angle, but their present extent at the surface is governed 
mainly by the numerous faults which traverse the area. Two 
systems of faulting occur ; an east-to-west series together with 
a number of cross-faults cutting these obliquely from north-west to 
south-east. The throw of those faults appi'ars to vary rapidly so 
that they affect considerably the horizon of the outcropping strata 
along the line of faulting. 

A very close connection appears to exist between these vortical 
displacements and the basalt and dolerite intrusions which in- 
tersect the area, the main dykes following very closely the lines 
of faulting. The occurrence of tracts of ferruginous, silicified, and 
quartz-veined sandstones in similar intimate association with the 
intrusives and with the faulting of the field, was noted. 

The succession of the Gondwanas represented in and around 
the Shahpur coalfield include types ranging up to the Motur horizon. 
The Talcliirs rest against the Archaians of the highlands to the 
south. In some instances they pass conformably up into the 
Baiakar division, but in many cases the two series are separated 
by faulting. The Barakar strata include a lower horizon of transi- 
tional bods in which thin coal-seams occur ; these are followed by 
mass-grey felspathic sandstones and grits, in the upper part of which 
several coal-beds are included. The Barakar sandstones pass up- 
wards into a series of moderately soft greenish sandstones which give 
nlaco above to true Motur tjqies, in which red and green clays contain- 
ing calcareous nodules are intercalated. These strata are all well* 
exposed in the Tawa Biver and its tributaries. 

No boring records being available the only source of information 
regarding the coal-seams of the field is the limited surface outcrops 
which occur. In the eastern, Dulahra, portion of the coalfield five 
seams ranging up to 5| feet in thickness are observed in the Tawa 
Biver and in the diggings to the north. The thicker seams include 
bands of shaly coal and are of very poor quality ; the lower seams 
of 2^ feet and 2} feet in thickness show an improvement, contain- 
ing only about 20 per cent. ash. Two thin seams were met with* 
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in the lower Barakars near the Maohna tributary a short distance 
from ShahpuT ; whilst in tho same river-section two other coal-seams 
about 3 feet in thickness, and ap])arf*ntly of better quality, were 
seen in tho upper Barakars. Again, at (lurguiula in tho western 
])art of the field a G-foot-soam, including a l)and of shaly coal had 
been worked for a short period. The outcrops of the coal are 
therefore not very promising, though it is possible that investigations 
by boring might bring to light other workable seams. 

Tho Oajandoh coalfield in the Chhindwara district, about 2 miles 
north-north-east of the town of Umreth, was inspected by Mr. 

aaiandoh coalfleld, Barakms crop out over 

Chhindwara district ; an area of about tVth square mile. To the south 
Central Provinces. Archsean granites and gneisses arc faulted 

down against the coal-bearing series ; while to the north-east and 
west a thin strip of red Motor clays followed by basalt lava-flows 
re.sts on these lower Goiulwana beds. The Barakars are represented 
by massive sandstones wjth grey shales. One coalseam outcrops 
in the Thaonri, just nortli of the boundary fault ; this had been 
dug from a short cutting which is now flooded, and only one foot 
of tho seam was visible. Tlio seam dips at a fairly steep angle to 
the north, but thoro is evidence of a decrease of th<‘ inclination as 
we go northw'ards aw^ay from the fault. 

The sandstones quarried at Bairam near Ellichpur were examined 
by Mr. Geo who describes them as m(*dium-textur<>d and gritty grey 
RIII.I. .. it . . folspathic types some of which resemble in 
Provinces. lithology many of the typical Barakar sand- 

stones associated with the coal-seams. They 
however contain no carbonaceous bands, though purple argillaceous 
intercalations occur in the u])por part of tho succession. In these 
higher horizons they pass into conglomerates containing red jasper 
peffblcs. Resting apparently conformably on this arenaceous series 
are thicker purple clays, followed by a purple-grey limestone of 
infra-trappean horizon. It is therefore strongly suggested that tho 
sandstones belong to the higher Gondwana horizons, probably corre- 
sponding to the Eamthis of other areas. 

The tract of Gondwana strata known as the Patakhera coalfield 
in the south-eastern, portion of tho Betul district, forms a conti- 

Ceutful Taw* Vail • “'***^®® Shahpur coalfield, 

Central Prari was. ^ ' Rnd was inspected by Mr. Gee. The Talchir 
beds crop out to' the south of ^he Lodardeg* 
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Bawandeo ridge as far cast as the village of Bagdona. To the 
south they rest on the gneisses of the Banipur-Gatakhera tract. 
They include the same succession as in the ShahpuK field, the 
conglomerates of the lower part of the series being well-exposed in 
the Phopas and neighbouring stream-courses and including boulders 
which appear to be definitely striated. 

To the oast thepe Talcliir beds pass, usually quite gradually, 
up into the Barakar beds which outcrop in the Banipur Forest. 
A few thin coal-seams occur just to the oast of Bagdona, and these 
appear to come in in the lower Barakar horizons. But in the Patha- 
khera Nalu several seams of workable thickness crop out, including 
one scam 10 feet in thickness ; the dip, however, in this stream is 
as steep as 50°. 

To the north of the Barakar bods, which appear to be partially 
repeated by an cast-to-west fault, softer greenish types crop 
out with no included carbonaceous bands. A coal-seam again 
crops out in the Tawa Biver to the north of the tract, to the south 
of Jungikhapa. Just south of this coal-outcrop a trap dyke can 
be traced discontinuously right across the tract following an east- 
to-west direction, and marks the line of a second fault, causing the 
incoming of the Barakar bods to the north, evidenced by the coal- 
seam of the Tawa Biver. 

The eastern boundary of the field also appears to be a faulted one, 
the fault following the Tawa as it flows northwards past Bichhwa. This 
fault brings the Pathakhera Barakars against the Talchirs to the east. 

In the Lodardeo-Eilandeo area the post-Barakar sandstones and 
intercalated clays wore found by Mr. Gee to be largely represented. To 
the east of the Dulahra coalfield, and again in 
area; Antral Pro vircei. the Tawa Biver to the north-west of the coal 
outcrop south of Jungikhapa, a series of greenish 
sandstones with very thin carbonaceous intercalations occur. AbVve 
these beds rest the typical Moturs with bands of red and green 
clays. These are well-exposed to the north of the Tawa Biver 
around Ghogri, and in the Dagdaga Nala, and cover a part of 
the area previously mapped by Jones as Barakar. Above these 
clay horizons thick sandstones are well-exposed in the hillslopes 
up to Eilandeo Peak. They vary in t 3 ^e, a yellow siliceous fine- 
grained variety being prominent. 

In the foot-hills of the Bamhanwara-Ehapa area tht uppermost 
Talchir sandstones are prominent. Evidence of .small faults causing 



91 


Pabt 1.] General Report for 1925. 

t 

their repetition to the north were observed by Mr. Gee in the stream- 
courses of these hills. In the north-western 
area^ ^ yriftoTlHf w ! part oJf upper Talchir beds appear 

to be faulted against the post-Barakar strata by a 
displacement down-throwing to the north. In the streams to the 
north-west the Barakar beds including several thin coalseams crop 
out above the Talchir series. Faulting, usually in the vicinity of 
trap-dykes, has affected the outcrops of these beds in various ways. 

In November 1924, Dr. Fermor, wh le visiting the North Arcot and 
Salem districts in the Madras Presidency in order to assist 
North Arcot district. Vinayak Bao with certain difficulties, took 
Madras ; and Kolar, the opportunity of examining, under the 

Mysore. guidance of Mr. T. Pryor, mining adviser to 

Messrs. John Taylor & Sons, the conglomerate belt that stretches 
from Kolar into North Arcot, and concerning the nature of which 
there does not yet appear to be complete agreement amongst 
geologists. Dr. Fermor found that in the Bisanattam Nala this 
belt provides good evidence of autoclastic phenomena. An acid 
tongue, r^arded by the Mysore geologists as belonging to the 
Champion gneiss, projects into hornblendes schists of Dharwar age, 
xenoliths of which are found in the gneiss, proving thweby the 
intrusive character of the gneiss. This gneiss has been crushed with 
the production of a pseudo-conglomerate consisting of ‘ pebbles * 
of gneissose granite, and sometimes of xenolithic hornblende-schist, 
in a more schistose gneiss matrix In one place the gneiss has 
been crushed throughout to a fine-grained schistose gneiss with 
occasional “ pebbles ” of less crushed gneiss. In another place 
exposures are seen of granite veins injected lU-par-lit into hornblende- 
schist, the granite often swelling into lenticles in the manner so 
iiften seen with acid intrusive veins. Such an occurrence se'ems 
specially bable to conversion into an autoclastic conglomerate, and in 
another exposure this is seen to have happened ; the lenticular swellings 
have become most deceptive “ pebbles ” and “ boulders ” with 
the thinner connecting portion of the granite squeezed out, leaving 
acid “pebbles” in a matrix of hornblende-schist, a result almost 
the reverse of that noticed above, in whiih the “conglomerate” 
showed acid and Basic “pebbles” in an* acid matrix. All stages in 
the formation of these conglomerates are to be foi nd in the Bisa- 
nattam Nala, wijKOBe fine set of exposprea support in no hma l} 
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moftsuro tlie view held by the Mysore Geological Department as to 
tho nutoc'astic nature of the Kolar conglomerate belt. 

Dr. Fermor and Mr. Vinayak Rao also visited Sakrasanhalli 
some 4 miles iS. S. W. of Bisanatiam station and in the Kolar district 
of Mysore Slat<! ; at this locality there is an occurrence of black 
manganiferous marble with associated manganese-garnet rocks, 
which in the opinion of Mr. .tayaram of the Mysore Geological 
Department may, with certain otJu'r rocks, belong cither to a lower 
division of the Dharwars than has hitherto been recognized in 
Mysore or to a still older series. Dr. Fermor observed a close 
resemblance l)etwcen these rocks of KakTasa)thn11i and members of 
the Bausar series in the (Vntral I’rovinces ; and should detailed 
stratigraphical work <'oufirm Mr. Jayaram’s suggestion concerning 
the position of the rocks of Bakrasanhalli, this wiH agree with the 
suggestion previously advanced by Dr. Fermor that, if the 
hornblende-schists of the two areas can bo correlated, the majority 
of the Dharwars now called the Bausar series of thf‘ Bausar tahsV 
must bo regarded as older than those hitherto dcscrilHHi from 
Mysore.’ 

Rao Bahadur M. Vinayak Rao continued his survey of North 
North Arcot and Arcot and Balem in Madras on standard sheets 
Salem, Madras. (I iiicli=l mile) Nos. 67 -£, i, h- and 

No representatives of the manganiferous m;irble ob-sorved in the 
neighbourhood of Bakrasanhalli were noticed to the south, but about 

miles south of the Samalpatti railway station on the South Indian 
Railway thin bands of limestone — ^somo of them better described as 
of marble extend for a distance of about ten miles, and may be 
correlated with the manganiferous marble These would thus form 
the oldest rocks of the Dharwars in this area. According to 
Mr. Vinayal Ran some of the limestones approach in composition the 
calc-granulites of the Chhindwara district, Central Provinces. 
Hornblende granites were found to bo among the earliest intrusives 
in the Dharwars. 

In the neighbourhood of Erishnagiri in the Balem district there 
occur bands of an even-grained pink granite whidi is intrusive in 
the older gneisses. They are probably of the same age as the Closepet 
granites of Mysore and the Bellary granites. 


^ jRtc. Ocol, Sttrv, vol. LID, p, 23, 
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The Javadi Hills east of Vaniyambadi in the North Arcot district 
probably formed part of the Mysore plateau. The Palar valley, 
which separates them, is thought to have been formed during the 
intrusion of the charnockites in th s area. The chamockites are 
found as thin bands on the Mysore Plateau, and do not appear to 
extend north of the latitude of Bangalore. 

The* couglomei'stos in the Dharwars cast of Bisanattam railway 
station are considered by Mr. Vinayak Itao to bo autoclastic con- 
glomerates. 


Dr. A. M. Heron, in charge of the Rajputana Paity, while on his 
way to inspect the work of Messrs. A. L. Coulson, E. J. Bradsliaw 
and B. (5. Gupta, in the Bundi State, took the 
ojipoituuity of mapping, with the assistance of 
Sub- Assistant B. C. Gujita, the country adjoining the Great Boun- 
dary Fault of Rajputana (in standard sheets, Central India and 
Kajputuua 203, 234 and 235). 

The rest of the season was occupied by him in the geological 
survey of standard sheets, Central India and Rajputana Nos. 171, 
204, 205, and 206. Portions of these, included within the States 
of Gwalior and Tonk (NiuibaUcra pargana) had previously been 
surveyed by Mr. If. C. Jones before the war, and are included in 
the following description. 

A novel feature of this area is the manner in which the strike 
of the rocks, which, throughout Rajputana north of a line drawn 
from Udaipur City to Ohitorgarh, is almost invariably N.E.-S.W., 
hero swings through N.-S. to N.W.-S.E., almost as if tho western 
lobe of tlio great Vindhyan plateau, on the extreme west of which 
is built tho famed fortress of Chitor, had formed a block around 
which tho older formations had been bent, tho Great Boundary 
Fault itself being also concentric to this curvature. 

The oldest rocks appear to bo an assemblage of shales, slates 
and phyllites ; those are lithologically similar to, and are con- 
tinuous along the strike through tho Bundi State with rocks which 
in southern Jaipur wore tentatively attributed to the Gw'alior 
system by Dr. Heron. (Mem. Oed. Surv. Ind., vol. XLV, pt. 2, 
pp* 138-145.) Evidence is accumulating that these so-called 
Gwalior rooks pass gradually into the highly altered Aravalli types 
in tho direction perpendicular to their strike, by increase of meta- 
morphism as the centre of the ancient Aravalli range is approached. 
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Near the Great Boundary Fault they are shales, but, as they are 
followed to the west or north-west away from the fault and across the 
strike, they first assume a simple cleavage without mineral modifica- 
tion and then become successively phyllites with veins of intrusive 
quartz, chlorite and muscovite schists with staurolite and finally 
garnetiferous mica-schists with pegmatite veins in lit-par~lit injec- 
tion —composite banded gneisses. It thus appears possibla that 
the lower, argillaceous division of the so-called Gwaliors of southern 
Jaipur are, as Dr. Huron at first believed, unaltered Aravallis, 
which have escaped metamorphism owing to their remoteness from 
the core of the ancient range. 

In the Jaii)ur area these beds are succeeded upwards conformably 
by a series of quartzites (the Rantham])hor quartzites) interbedded 
with the shales and dolerito sills, which have a 'considerable resem- 
blance to the true Gwaliors of the typo area. These also have fheir 
representatives in the ])resent area, at Mandalgarh and Bari Sadri, 
in largo synclines of ripple-marked, pebbly quartzites ; they have 
been mapped by Hacket as Vindhyans and Delhis, but they 
resemble neither and are conformable on the underlying shales and 
slates. 

Large expanses of a medium-grained pink granite, the ferro- 
magnesium component of which is secondary chlorite, and which is 
devoid of pegmatite veins, interrupt the slate areas. This is distinct 
from the post-Delhi and post-Aravalli (pre-Delhi) granites of northern 
Rajputana. Its exposed contacts with the slates are few, but, 
where seen, there is great mechanical disturbance of the slates 
without any raetamorphism, and in no case was a trace of 
basal arkose or conglomerate seen. The balance of probability is, 
according to Dr. Heron, that the granite is intrusive in the slates. 
Both are traversed by dykes and, in the slates, by sills of olivine 
dolerite altered in places to epidiorite. 

The granite itself has suffered pressure metamorphism towards 
the west and the Borach River bed affords an admirable 
demonstration of its gradual transition into a grey, slabby gneiss. 
Slates, granite and dolerito are but poorly exposed, and excavated 
material from wells which pierce the alluvial mantle has often to be 
relied on for their mapping. 

Rising boldly above the plain are numerous steep ridges of 
massive white quartzites (sometimes quartz grits), seldom showing 
bedding, but seen under the microscope to have been a true sedi- 
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mentary sandstone composed of rounded quartz grains, with secon- 
dary quartz in optical continuity with that ot the grains, filling 
the interspaces to form a mosaic. These quartzites are quite 
distinct from the Mandalgarh and Bari Sadri quartzites. 

The abundant and highly resistant d4biis which they shed conceals 
most effectually their junctions with the slates around their 
bases. In one or two favourable sections, however, apparent 
complete discordance was observed by Dr. Heron, not however as 
it the quartzites lay with an erosion unconformity upon the slates, 
but as if they were inset at a high angle into the slates, an 
attitude which Mr. Middlemiss has noted in Idar.^ 

The apparent dip of the slates is, however, merely a cleavage 
dip, almost invariably at high angles to the W. or N. W., and the 
true stratification, rarely visible, may bo at any angle to the cleavage. 
Despite these deceptive a])])earances to the contrary, it is believed 
that the white quartzites are conformable members of the same 
sequence as the slates. 

The manner in which suflih-quartzites “ make and break,” ending 
abruptly and appearing again suddenly along the strike, is a puzzling 
commonplace in such regions. In few cases can It be explained 
by the concealment of missing portions under alluvium, by normal 
dip-faulting or by the quartzites being the roots of synclines or 
crests of anticlines closely compressed and steeply pitching. The 
phenomenon is believed by Dr. Heron to be due to disruption and 
actual moving apart of the quartzites in a plane perpendicular to 
the direction of tectonic pressure, the slates being forced between 
the He])aTat6d sections. Wedge-faulting {schuppenstruktur) may also 
have contributed, by cutting out the quartzites in some places, and 
in others duplicating them. 

Four miles west of Barundni shales lie with an indubitable 
erosion unconformity upon the granite, and N. and N. W. of Chitor 
quartzites and arkose grits have the same clear relationship to it, 
but it is quite uncertain that these rocks are of the same age as the 
Crwaliers or Aravallis above described — ^there is a possibility that 
they are younger. The quartzites near Chitor rest, with a basal 
arkose and conglomerate, on granite to the east, and dip westwards 
under slates, the various beds of quartzite ending abruptly en 
eohehn against slates, in a way which indicates wedge-faulting. 


^Mm . Oeat Sutv. M., val. XLIV, pt 1, pp. 70, 109-111* 
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In the south of tho area inky-purple grits and grcywacke, “ tLo 
Khardcola grits,” rest with a somewhat obscure unconformity 
upon the slates, having at places along tho supposed unconformity 
a thin, basic, dovitritied vesicular lava, tho “Khairmalia amygdaloid.” 
As tho Khardcola grits appear to be free from dolerito intruMons, 
Dr. Heron bcliov<'S that the Khairmalia amygdaloid is the effusive 
represontativo of the dolerite hypabyssals. 

Tho next formation is the buff, or more rarely grey, “ Bhag- 
wanpura limestone,” which extends north and south through- 
out tJie area in a broad band, ovc^rlapping both tho Khar- 
deola grits and the underlying slates, quartzites and granite. 
It is full of chert and quartz, and tho unconformity at its 
baso is locally marked by bands of rounded pebbles of quartz, 
jas])er, quartzite and more rarely granite, .with much of the 
angular cpiaitz dfibris produc(-d by the disintegration of granite. 
Owing to tho obscurity of the di]», the thickness of the lime-stone 
can only bo guessed, but is of the order of a thousand feet. At its 
top it passes up into shales, which ar5 however usually concealed by 
the Savva grit. 

Parallel to the Bhagwanpura limestone band to its east, the 
*' Sawa grit ’* and the “ Sawa shales ” form a narrow' discontinuous 
ridge. The grit, wliich is mainly composed of subaugular chert 
and white quaitz fragments, lies with a recognizable but not violent 
unconformity upon tho Bhagwanpura limestone, with outliers upon 
the older series, and i)asses up conformably into the Sawa shales, 
which are white, siliceous and cliert-like. 

Tho relation of the Sawa shales to the “ Binota shales,” the 
ne-\t formation, is doubtful, since the southward extension of the 
Groat Boundary Fault seems to pass more or less along their junction, 
and exposures are poor. For four miles along this lino, the Saw% 
grit and shales are cut out by the fault, and the Bhagwanpura 
limestone is inverted over the Binota shales by the thrust, resting 
on them at a low angle. 

Tho “ Binota shales ” are exposed in another north and south 
band parallel to the Bhagwanpura limestone and the Sawa beds, 
to tho oast of those, and are in their turn overlapped to the east 
by the Jiran sandstone and the Vindhyans. They are a monotonous 
series of brownish shales, sometimes rather sandy and micaceous, 
with occasional thin ferruginous layers, and are disposed nearly 
horizontally in low rolling folds. 
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The Jiran sandstone ” — the “ Delhi quaitzite ** of Hacket in 
his references to this particular area — is 100-200 feet in thickness, 
and in it three zones can be distinguished, the lowest pale grey 
mottled’ with deep purple, the middle one coloured grey and purple 
in about equal amounts, and the ujjpermobt of a purple colour 
almost to the exclusion of grey. Near Bari the lowest beds are 
very coarse-grained and have been described by Hacket as conglo- 
meratic. The sandstone is disposed in four anticlines and three 
synclines, with their axes running north and south ; near Choti 
Sadri they unite to form a plateau in which dips are practically 
horizontal. In the present area the sandstone overlies the Binota 
shales with every ap2)earanGe of conformity, but eight miles to the 
south, outside this area, a very clear unconformity betw'een the two 
was seen by Dr. Heron, in a group of jflat-topped hills near Wardhal, 
the horizontal sandstone cai)ping them, with the shales dipping to 
the west at 5® in the underclift*. 

In most of the Vindhyan area the Kaimur sandstone with its 
basal conglomerate mar^Ss the bottom of the Upper Vindhyans, 
and below this the lower Vindhyans ma} or may not occur, but 
where they do so, there is always a slight uncr»nformity between them 
and the Kaimur. Here the lower Vindhyans proper arc absent, 
Imt beneath the Kaimur sandstone (there is no conglomeraie) more 
than 1000 feet ot beds intervene between it and the base of the 
Vindhyans, in a perfectly conformable sequence, and these must 
bo classed as Upper Vindhyans. 

All these strata are folded in the same fashion— in narrow 
anticlines and synclines with north and south axes. The Kaimur 
‘sandstone forms a bold plateau, with oval outlying patches representing 
troughs of denuded synclines, on the westernmost of which stands 
the F ort of Chitor ; the other stratigraphically lower formations, 
shales and limestone, occupy the level, featureless plain below. 

At the base of the long Vindhyan succession is the Khoii-Malan 
finely conglomeratic sandstone, 30-40 feet thick, lying on both the 
'Binota shales and the Jiran sandstone, with occasional large r'>unded 
boulders. It is a curiously local formation, occurring ijractically 
only in the vicinity of Khori and Malan. Elsewhere the purplish 
Nimbahera shales,^ 160 feet thick, rest directly oft the Jiran 
sandstone or the Binota shales ; in the latter case it is hardly 
possible to separate them, for they are lithologically almost identical 
and both are poorly exposed. 
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The Nimhahera shales pass upwards .into the Nimbahera lime- 
stone, through 30 leet of passage beds — reddish-purple limestones. 
The remainder of the limestone, 450 feet in thickness, i^ pale grey 
with partings of fawn colour, and is thick-bedded in layers 1 or 2 
feet thick — a smooth, hard rock, almost a lithographic stone. It is 
extensively quarried, particularly round Nimbahera. Sawa and Khori, 
zones more thinly bedded than the normal being favoured, so as to 
yield slabs about 4 inches thick. Jointing is regular, the joint- 
planes running 20° \V. of N. and 80°E. of N. approximately ; slabs 2 
or 3 yards square can be extracted. Wliere folding stresses have been 
exceptionally strongly felt, a vague cleavage has been initiated 
at an angle to the true bedding. 

The Suket shales 8ucoe(*(l the Nimbahera limestone conformably, 
and pass upwards without discordance into the Kaimur sandstone, 
the transition being well seen on the road leading to the Cbitor Fort. 
They form the iinderclilTs to the Kaimur scarps, and a broad belt 
encircling their base, n ith two long narrow synclines extending some 
miles south from (liitor, folded into the Nimbahera limestone. 
Away from the scarps the Suk<*t shales are considerably puckered, but 
close below the toj) of the scarp they lie regularly, owing to their 
being protected from criinqiling by the rigidity of the competent 
sandstone above. 

The Kaimur sand.stone is a uniformly fine-grained rock, more 
a quartzite than a sand.stone, pale grey in colour blotched with 
brownish-purple. ITsually it is thick-bedded, while a roughly 
quadrangular jointing gives rise to great vertical monoliths on the 
face of the bold scarps w'hich the Kaimur form**. 

In the extreme south-east, around Neemuch, Deccan Trap, 
with patches of laterite upon it, overlies all the older formations 
and forms fertile plains of cotton-soil. Inliers of the Jiran sandstone 
project in places through it, and outliers of the trap extend for some 
miles north and west from the main expanse as characteristic 
flat-topped hills in which is e.xpoacd a thickness of about 60 feet of 
trap, all belonging to the one flow. 

The Great Boundary Fault of Rajputana has now been followed 
throughout its entire visible length, from where it is interred below 
the Gangetic alluvium near Fatehpur Sikri in the north to where 
it disappears below Deccan Trap on the frontiers of Mewar and 
Partabgarh in the south. Its course through the Earauli and Jaipur 
States has been described by Dr. 'Heron (Mem., GedL. Surv. Ind., vol. 



Part 1.] 


General Report for 1925. 


99 


XLY, pt. 2, pp. 169-177) ; Messrs. Coulson and Bradshaw hl^ve this 
season traced the portion which lies within the Bundi State, and 
Dr. Heron the remainder lying in the Mewar territory. 

The faulting appears seldom or never to consist of a “ clean-cut 
thrust,” but usually comprises several planes of movement, some- 
times diverging widely, with largo blocks of unfractured country 
between i in other places it is a band of shearing and crushing. 
As shewing an example of the latter the ‘‘ Datimda quartzites^’ of 
Ilacket may be cited. This extends as a ridge, varying greatly in 
height and in width, from south of Bundi City to beyond Ma p dalgar h, 
between the Vindhyans on the south-east and the Gwalior shales 
on the north-west. It appears to be merely a line of wedges of 
shattered lower Bhander sandstone included in the fault. Along 
this portion of the fault it is usually the Lower Bhander 
sandstone or the Lower Bhander limestone which adjoins it to the 
south-east. From Mandalgarh to Chitor, the fault is no longer 
parallel to the general strike of the Vindhyan folds, but oblique 
to them, so that various members of the Vindhyan scale abut in 
turn against the Gwaliors or the graniti*. 

At Chitor the fault takes a southward trend and leaves the 


Vindhyans, jiassing, as far as can bo ascertained in poorly exposed 
strata, just to the east of the Bawa grit and shales, which are in 
consequenoo much crumpled and frequently inverted, but much 
of this section has to be guessed at. 

The survey of Bundi State, llajputana, commenced in the 
previous field season, was continued uninterruptedly until its 


Bundi State ; 
tana. 


Ra]pu. 


completion at Lahheri by Mr. A. L. Coulson. 
Sub- Assistant B. C. Gupta assisted Mr. Coulson 


in the survey. Dr. Heron, Mr. Bradshaw and 
Mr. Gupta joined up with Mr. Coulson towards the end ol 
December, and sections at Datunda, Sarorda, etc., were inspected by 
Hr, Heron during this period. Mr. Bradshaw and Mr. Coulson 
worked with joint camps for certain periods. 

In tabular form, with the youngest deposit above, the rocks 
present in the area are as follows ; — 


0. Beoent and Sub-Beoent (AUnvium, etc.) 

B. Upper Vindhypna. 

j'll. Upper Bhander Shalea and Qrite. 

Upper Bhander : 10. Upper Bhander limoatoue. 

0. Upper Bhander Sandstone. 

B 2 
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'8. Sirbu Shales* 

7. Lower Bhandcr Saudstohe. 

Lower Bhander ; G. Samiia Shales* 

5. Lower Bhander limostone. 

^4. Gaiiurgarh Shales. 

Upporllewa: 3. Upper llewa Sandstone. 

Lower Ilowa : 2* Jhiii and Panna Shales and Lower Bowa Sandstone. 

Upper Kaimur : 1. Kaimiir Sandstone and Conglomerate. 

A. Gwalioro. 

The baseiiu'iit rocks of the area- which conqjrises parts of survey 
sheets, Central India and llajjnitaua (1 inch--l mile) Nos. 234, 2C6, 
260 and 2Ut are more allied to the Gwalior than to the Aravalli type, 
thoiiffh it is stdl uneettain what tlic rulationsliip of tlie Aravallis to 
the Gwaliors really is or, indeed, whether the two arc really distinct. 

The Gwaliors cohsi.st of limeston<‘S, ])hy]lite8, shales, sandstones, 
(piartzitea and {'reywackc, with intrusive reef-quartz, pegmatites' 
and, to a lesser extent, trap. A boulder bed has been recorded 
in the Gwaliors at Dhaneiiin. 

Tins Up])er Vindhyans rest unconformably upon the Gwaliors 
and in no case was pegmatite found intruding the Vindhyan rocks. 

The basal bed of the Upjjer Vindhyan is tlic Kaimur conglo- 
merate, and upon this is the Kaimur sand.stone, the only two members 
of the Kaimur division of Mallet re})rosented in the Bundi area. 
The Kaimur conglonn'rate contains ])ebb]es of nhitc reef-quartz, 
red and black jas])e.r, fragments of shale, sandstone and felspar and 
also white and black chert. The Kaimur sandstone has a distinct 
reddish colour. Definite sandstone and conglo]nerato were found 
in tho Gwaliors in the extreme southwest of Dr. Heron’s map of 
South-Eastern Raj])utaua, and Hacket’s Kaimurs have had to be 
reduced by Mr. Coulson to one-third of their amount. The average 
thickness of the conglomerate is about 6 to 8 feet and that of the 
sandstone 100 to 120 feet. 

Tho Panua and Jhiri shales arc persistent, if somewhat thin 
bods, whilst the Lower Rewa sandstone is very sporadically developed. 
This last is usually a light-coloured flaggy sandstone. The thickness 
of the Jhiri shales varies to a maximum of 100 feet. The upper 
beds of tho Jhiris contain limestone bands. 

The Upper Rewa sandstone attains a thickness of 300 feet and 
is best developed near Bundi. Towards the* north-east, it becomes 
calcareous and definite limestone bands appear in the rock. 
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The Ganurgarh shales attain a thickness of about 6C0 feet. 
Associated with the shales are very definite limestones and quartzites 
which latter are best seen near Lakheri. 

The Lower Bhander limestone was found by Mr. Ooulson to be 
the most important zoning division in the Upper Vindhyans. 
Characteristically it is from 200 to .100 feet thick, a thin-bedded 
grey-blue, pink, or purplish rock. It shows very little crystallisation 
and its chief impurities are (piartz and iron-oxide. Mr. Coulson 
notes that it appears to have been deposited from calcareous 
solutions under marine conditions, either before the dawn of life 
or under conditions which did not permit of the iireservation of 
organic remains. No fossils have been found in the stone though 
it 18 ideally suited for their preservation. It is at jiresent being 
extensively worked for lime and cement by the Bundi Portland 
(\*ment Works at Lakheri ; numerous analyses show that the 
limestone is eminently suitable for the manufarturo of cement. 

The Samria shales, so named by Kishen Singh from their occur- 
rence at tSamria in Mewar, overlie the Lower Bhander limestone. 
They form a thin and imjiersistent member, though at times developed 
to the extent of 100 feet or so. The upper ]ai1 of the shales some- 
times contains a thin, hard, dark buff, limestone. 

The Lower Bhander sandstone is the most strongly developed 
niimiber of the Upjior Vindhyans and attains a thickness of about 
2 000 feet. It. like the Kaimur and Rewa sandstones, would be 
more properly termed a quartzite. The lower beds are usually 
rinc-grained and red ; these are followed by a grit, and this by a 
very hard white quartzite which resembles white reef-quaitz. 

The Sirbu shales were found to have a total thickness of about 
000 feet; associated with them are definite limestones which, 
however, are usually more shaly than the Lower Bhander limestone. 
They are fissile shales with a good cross- jointing but the same may be 
said of all the Upper Vindhyan shales. 

The Upper Bhander sandstone was found by Mr. Coulson only 
in the extreme north-east of Bundi State. Its total thickness is 
about 80 feet or so. It conformably overlies the Siibu shales of 
the Lakheri area and has always been considered as the highest 
member of the Upper Vindhyans. In Bundi, however, this sandstone 
is conformably overlain by a limestone and this again by a strong 
series of shales and grits. TliC names of Up];er Bhander Limestone 
and Upper Bhander Shales have been given to these now stages. 
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Tlioro can bo no question of the conformity between these stages 
as many sections may be seen in the various river beds. 

The Upper Bhander limestone is a very fine-grained tbck with 
usually a secondary an<l coarser crystallisation of calcite. It breaks 
with a conchoidal fracture and usually shows concretionary mark- 
ings. The limo.stono has practically no overburden and so can be 
easily worked. It is at present b dug quarried for lime. An analysis 
of the rock shews fewer impurities and slightly more magnesia than 
the Lower Bhander limestone. 

The Upper Bhander shales vary little from the oth^r shales of 
the Upper Vindhyans. At their top, however, there are a few grits 
and sandstones with interbedded shales. 

Alluvium covers a great area to the south of the Vindhyan ranges. 

The general strike of the area coincides with that of the Gwaliors 
to the north-east, i.c., N. E. to S. W. The same tectonic agencies 
which caused the folding of the Aravallis, Delhis and Gwaliors, 
persisted to the close of the VindJiyan epoch. The folding is no 
doubt to be regarded as the effect of pressure from the north-west 
against the shield of peninsular India. 

The Groat Boundary Fault was followed by Mr. Coulson through 
Bundi for about 70 miles and continues into Mewar for a further 
distance of 80 to 90 miles. It has been considered as a reversed 
fault with a throw to the north-west, usually faulting the Gwaliors 
against the Lower Bhander sandstone, and responsible for the 
metamor]>hism of the Datunda quartzite. Where this quartzite is 
formed from the lower Bhander sandstone, the boundary, fault is 
considered to be of the nature of several parallel faults. There are 
other great faults in Bundi, viz., that of Motipura, the Bamgarh horse- 
shoe fault, the Indargarh-Bundi fault, etc. The area to the south- 
west of Bundi has not been so disturbed and the strata gently 
undulate in svnclines and anticlines. 

After completing the survey of Bundi, Mr. A. L. Coulson 
Sirohl State; Ra|pn> commenced the survey of Sirohi State in March. 

Xn all, some 256 square miles were geologically 
surveyed, some 77 square miles of which constituted the Mount Abu 
area, the remaining 178 being in the east of the State, bordering 
Jodhpur and Mewar (portions of sheets, Central India and 
Bajputana, Nos. 96, 97, 118, 119, 1 inch=:l mile). The rooks 
shewed a marked similarity to the rocks noted in the istimrari estates 
of Ajmer. {Rec., Oed. Surv. Ind., vol. LVlll, pp. ^6 — 68, 1926.) 
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Aft in that locality rocks resembling both Aravalli and Delhi 
occurred. 

The fundamental schists have been provisionally referred to 
the Aravalli system. They are so profusely intruded by basic 
rocks, gneiss, granite and pegmatite that an enormous variety of 
types has result( d. Generally, according to Mr. Coulson, there are 
two classes, one in which there has been a relatively small influx of 
material and in which the resultant rock is the normal product of 
the metamorphism of the ancient argillaceous rocks, e.g., biotite- 
schists, etc. ; the other, in which so great a quantity of extraneous 
material has been intruded that the product can only be called 
a schist for purposes of mapping. Simple siliciflcation gives mica- 
quartz-schists, but where there is abundant pegmatite, the resultant 
rock, with the pegmatite as discontinuous entities, resembles a gneiss 
to some extent. 

The calc-rocks cover some 42 square miles and are of economic 
importance. They are usually impure limestones with biotite, 
quartz, muscovite, iron-o.xide, apatite, zircon and sphene as im- 
purities. Dr. Heron has noted the jmssibility of their being the 
equivalent of the “ Ras ” limestones (Aivhman or Aravalli). They 
vary greatly in hardness and mineral contents, and are mtruded, 
though to a lesser extent than the schists, by the amphibolitic 
rocks. 

The basic intrusive series intruding the calc-rocks and the schists 
comprise epidiorites, hornblende-schists, pyroxene-granulites, am- 
phibolites, etc. They all appear to be pre-Gneiss in age ; in the 
Ajmer istimrari estates, some dolerites w'ere post-Gneiss but dolerites 
have not been recognized in this area. 

There is a great resemblance between the gneiss of the plains 
and that of Mount Abu. The Abu gneiss varies greatly mineralo- 
gically and texturally but the usual type is a biotite-gneiss. It 
contains innumerable basic xenoliths of amphibolites, which have 
made the gneiss sli^tly more basic than that of that plains. 

There is a large outcrop of some 8^ square miles of granite near 
Waloria stretching into Mewar. It differs markedly from the 
gneiss in that the dominant felspar is orthoclase instep of micro- 
cline and in the pi^psence of vertical jointing, which gives rise to 
physiographical features different from the rounded tors of gneiss. 
Dr. Heron considers it to be the same as the “Berach” granite. 
In no place could the granite and gneiss be found together. 
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The quartzites are interesting in that they are of metasomatic orijpn. 
In only a few places have they conformable relations with the 
schists, etc. Their boundaries, as a rule, run haphazards across the 
schists and calc-rocks. They appear to be derived from the solu- 
tions which accompanied the pegmatites of both gneiss and granite, 

I nto which pegmatiteJi they sometimes pass uniformly. A brec- 
ciated quartzite was found at Banwara, shewing faulting to have 
taken place after their formation. The pegmatites belong both to 
the gneiss and to the granite. The usual minerals found in them 
are quartz, felspar, garnet, tourmaline, muscovite, etc. 

The first portion of the field season was sjtent by Mr. E. J.' 

Mewar State ; Raj- Bradshaw in the geological mapping of Btmdi 
State, in comj)any with Mr. A. L. Coulson. 
In the month of March the geological survey of Mewar State was 
commenced, the area surveyed being a portion of that shown on 
ma|) sheets 45^ and ^ (old No. 234) and 452 

and chiefly comprising two groups of ridges which may be termed 
(ho Jahazpur and Sabalpura hills. 

The rocks are quartzites, arkose grits, slates, phyllitcs and a 
limestone which is sometimes dolomitic and often cherty. 
A hi^ly ferruginous quartz-breccia persistently accompanies the 
limestone at a horizon which is not always quite constant. Its 
origin has been attributed to solution and collapse under the in- 
tense pre.ssuTe from the north-west which hap affected all this 
region. 

llie Jahazpur hills have the great Aravalli gneissic area to 
their north-west, with intrusions of coarse tourmaline pegmatite, w h 1 • 
.slates and garnetiferous mica-schi>sts intervene between them and the 
Sabalpura hills to the south-east. Innumerable intrusions of white 
reef-quartz arc a feature of this zone, being probably the ultimate 
phase of the pegmatite. There are also rare dykes of coarse amphi- 
bolite. 

In the Sabalpura hills, the rocks are similar to those of the 
Jahazpur hills. The central jx)rtion of the former is occupied by 
two separated areas of the dark Aravalli gneissic granite, upon which 
rest, with a clear erosion unconformity marked by a conglomerate 
layer at their base, arkose grits succeeded upwards by the quartzites. 
There are a few bosses of aplite, some rare basic dykes, and 
ubundant injections of pegmatite and white reef-quartz in t^e 
gpcispic granite. 
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Soutii-east of tiho Sabalpura hills lie the rocks of the Gwalior 
'^yrstem, consisting mostly of shales, slates, and graywack*'. Again 
thore are abimdant intrusions of white reef -quartz. 

Beneath the quartzites of the Jahazpur hills, at Jawal, there 
IS a coarse, arkose conglomerate. Similar eqarse conglomerates are 
found elsewhere, but can never bo traced for more than a short 
distance. The unconformity seems to be local, and further evid- 
ence will be required before it will bo possible to decide whether 
if corresponds to the great discordance which occurs between the 
Aravalli and Delhi systems. 

Mr Bradshaw remarks tha* the striking features of the whole 
area are the steady north-cast and south-west strike, and the 
cleavage dip which is usually steep and to the north-west. It is 
clear that the original structure has been almost entirely obliterated 
and that the present is one which has been impressed on all the 
rocks of the area as a whole by intense stresses from the north- 
west. There is evidence that the original dips were low and 
rolling, while the Jahazpur and Sabalpura hills represent isoclines 
greatly extended in the direction of the general strike. The base 
of the rocks involved is visible in the unconfoimable junction nith 
the Aravalli gneissic granite, and possibly in the Jawal uncon- 
tormity, but their relation to the Gwalior slates and greywackes, and 
to the Aravalli schists, is at present uncertain. 

iSub-Assistant B. 0. Gupta was engaged in mapping the 
Bu.idi a d Udaipur north-western frontier of Bundi and por- 
Siale* ; Rajputana. tions of the throe districts, Mandalgarh, 
Chitorgarh and Chhoti Sadri, of the Udaipur State. 'With a 
general east-north-easterly strike and persistent north-north-westerly 
dip the Upper 'Vindhyan group is represented in the vicinity of 
Bimdi City by the Lower Bhandcr sandstone, the Samria shales, the 
Bhander limestone, the Ganurgarh shales, the Upper Kewa sand- 
stone and the Jhiri shales. In the valley W.N.W. of Bundi City the 
Upper 'Vindhyans have been folded into a broad anticline with the 
horizontally-lying Ganurgarh shales at the centre. 

The country lying between the Vindhyan belt on the south and 
the Bundi- Jaipur boundary line on the north is, according to Mr. 
Gupta, occupied by older rooks, the prevailing typos being shales, 
slates, phyllites, sandstones and limestones, provisionally classed as 
Aravallis or Gwaliors. iTuo mica-schists and the characteristic 
Aravalli gnMsses, so common in the area further north-west in Ajmer 
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Merwara, are conspicuously absent here, and lithologically the rocks 
are more or less reminiscent of the recorded descriptions of the 
Gwaliors of soiith-castoru Rajputana. 

Work was carried southward along the fault-line marking the 
junction between the Vindhyans and the Aravallis. In the vicinity 
of Mandalgarh city, the Vindhyans, represented by their upper 
members, have been anticlinally folded, the Bhander limestone 
forming the core and the Lower Bhander sandstone the flanks. 
Further west and south on approaching Chitorgarh, other members 
of the Upper Vindhyan series appear. From Baai (26° 1' : 74° 48') 
southward the older members of the Vindhyan system begin to 
appear, and below the Kaimur ({uartzite the Suket shales, the 
Nimbohera limestone and the ‘ purple ’ shales appear successively 
in folds with north-and-south axes and low dips. 

On the north and west of the boundary fault in the Mandalgarh 
and Chitor districts Mr. Gupta notes that the ancient shales, etc , 
have been intruded by granites and dolerites as well as by the 
pegmatitie quartz. In the south the eastern portion of the Chhoti 
8adri area has been greatly covered by the Deccan- Traj) lava flows ; 
the country between Neemuch and Chhoti 8adri contains a number 
of flat-topped trap hills and plateaux, besides innumerable 
patches of latorite. 


During the Hj)ring of this year work was continued by Mr. W. D. 
West under the guidance of Dr. G. E. Pilgrim in the Central 


Simla Hill States. 


Himalayan regions, starting in the Simla Hill 
States. After a preliminary examination of the 


rocks at Solon and Simla, and between these two places along the 
cart road, a traverse was made from Solon to Chakrata along the 
south side of the Chor mountain. 


In many ways the conclusions reached differ fundamentally from 
those held in the past by Medlicott and B. D. Oldham. In parti- 
cular the correlation of the rocks above the Blaini at Simla and 


Jut(^ with the Krol and Infra-Krol of the type area is doubted. 
These S.mla rocks, highly metamorphosed in places, are regarded by 
Dr. Pilgrim and Mr. West as much older than the Krol and Blaini, 
and as having been brought into their present position above the latter 
rocks by at least one recumbent fold, accompanied by over-thrusting. 
Near Dudham (30° 53': 77° 17'), on the north side of the Gin 


River, is a section similar in stnictnie to that seen at Simla. On 
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the souili side of the Giri is the normal sequence of Infra-Blaini 
overlain by Blaini, Infra-Krol and Krol. But on the north side the 
Tnfra-Blaini and Blaini are overlain by a series of quartzites, cruj'.hed 
[inrple conglomerates, and sehists (Jagas beds), evidently much 
older. Wo here have a stTueture very similar to that seen at Simla ; 
an<l the fact that the normal sequence is seen so near by is additional 
evidence for regarding the beds above the Blaini as out of place. 
Their greater age is suggested from their metamorphosed nature, and 
they are thou^t perhaps to bo correlated with B. D. Oldham’s 
Jaunsar beds. In the Pervi Nala just north of this spot the Blaini 
bods have been seen lying unconformably upon these beds. 

A still older series of rocks quartzites, slates, carbonaceous 
slates and black limestone — evidently eorres[)onding to Oldham’s 
‘ Carbonaceous series,’ and ])erhaps including the Jutogh Lime- 
stone, seem to have been thrust over the Jagas beds, and are them- 
belves repeated by much folding. Later work indicated that part 
at least of Oldham's Chakiata limestone is of the same horizon. 
Between Haripur and Oeruani, on the south-eastern spur of the 
Chor, a big recumbent fold of these beds was seen, and interpreted 
as a syncline opening to the south. 

On approaching the Chor granite the increase of metamorphism 
is at once evident. It is, however, essentially of a regional type, 
and it is thought that the extra heat available, suj)erim]>osed upon 
the regional stresses, was responsible for the higher grade of meta- 
mor])hism. The change is marked by the incoming of the minerals 
muscovite, biotite, garnet and staurolite, in that order on approaching 
the granite, though biotite is not always prominent. The sillimanite 
zone is never reached. The rocks are at Hrst highly schistose, and 
in the hij^er grades are coarse gneisses. In certain beds, the 
carbonaceous slates, porphyroblasts of ottrelite, or of a mineral 
closely allied to it, are develoi)ed ; this mineral comes in before 
garnet, but is also present in the garnet zone. 

The intrusion of the Chor granite is thus regarded by Mr. 
West as contemporaneous with the movements that produced the 
folding and the cleavage of the rocks, and this is supported by 
the fact that the granite is itself often highly foliated. This age 
must be at least ..pre-Blaini, for the latter rocks have been 
brought up by thrusting within the metamorphic aureole, but 
are themselves unmetamorphosed ; microscopic evidence confirms 
this view. 
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Further east, near and in the Tons river, is a set of beds wb’cb 
are evidently younger than the Jaunsars, but beneath which they 
are now seen ; they are possibly Infrn-Blaini. In the 'Chakrata 
district itself suiricient work was not done to justify any definite 
conclusions. The ImmIs by Chakrata and Kailana however appear 
to be of the supposed Infra-Blaini typo us seen in the Tons. It is 
also thought that there are at Icsist two limestones of quite 
different ages, which have hitherto been mapped as one in the 
.faunsor rocks. 
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The Zonal distribution and description of the 

LARGER FORAMINIFERA OF THE MIDDLE AND LOWER 
KIRTHAR SERIES (MIDDLE EOCENE) OF PARTS OF 

Western India. By W. L. F. Nuttall, D.F.C, M.A., 
F.G.S., SEDGWICK Museum, Cambridge, (with Plates 
r — 8.). 


(I) introduction. 

The following arHelo includes a very brief account of the strali- 
griiphy of the Lower and Middle Kirthar (Middle Eocene) strata 
of parts of Western India, and a detailed descri]>tion of the 
commoner and larger Foraminifera found in these beds. The 
sitccimens were collected I^ Mr. D. Dale Condit and the writer 
during a geological reconnaissance undertaken on behalf of the 
Whitehall Petroleum Corporation during the winters of 1920-21 
)uid 1923-24. The writer and editor are indebted to the’ Direc- 
tors of the Corporation for permitting the publication of this article. 
Thanks are also due to Professors M. Boule and H. Douvill6 for 
kindly giving the writer every facility to examine D’Archiac’s typejs 
from India and other specimens in the Paris Museums. Dr. W. D. 
Lang found Sowerby’s type specimens from Cutch and was k nd 
enough to lend other material for comparison from the British 
Museum (Natural History). The figured specimens and types of new 
species are dejiosited in the Sedgwick Museum, Cambridge. The 
bibliographical references wll be found at the end of the paper. 
In the palaeontological portion the synonymic lists are incomplete, 
the references most ureful for identification being given. 

(a) THE STRATIGRAPHY OF THE KIRTHAR SERIES. 

The Earthar series consists of massive white Nummulitic lime* 
stones and olive to gray diales, which occur throu^out parts of 
Cutch (Kachh), 8ind,.Baludii8tan and the Punjab in Western India, 
lithologically they are similar to the rocks of ^e Laki series, which 
iQ 80^ areas underlie them conformably, and are distinguished by 
contaiiiing a difieient fauna of Foriminifera, which 1 have described 

t2 . 
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recently elsewhere (48). The regions in which the Kirtliar series crop 
out have been examined chiefly by Wynne, Griosbach, Blanfotd, 
Oldham and Vredenburg, and the geology is described in Memoirs and 
Records of the Geological Survey of India. (67, 30, 3, 4, 49, 50, 66, 
66). In this article it is not proposed to give a lengthy account of 
the stratigraphy of the Kirthar series, other than that which is neces- 
sary to show the vertical distribution of the larger Foraminifera. 

The Kirthar series has been divided into three main groups the 
Upper, Middle and Ijower, and Vredenburg during his extensive 
geological roconnaissances in Western India located where these 
groups crop out (65, 66). In 1906 he published a table showing the 
vertical distribution of the Indian NummuUtes (63c). lie mentioned 
several species (sec p. 12(t) the identification of some df which is 
uncertain and since he has not described any of the forms which he 
recorded, his table is of relatively little value for determining the 
different stratigraphical horizons. In this table ho divided the 
Middle Kirthar into A and B, as well as the Upper Kirthar into 
1, 2, 3 and 4, without giving any exact explanation as to what these 
sub-divisions represent. A partial revision of his conclusions appeared 
in 1912- (20). He classified as Upper Kirthar the massive limestones 
of the Kirthar Range and the lower Mula Valley, and incorporated 
in this division 2,000 feet of strata which I have not examined. The 
knowledge of the fauna contained in these beds is very incomplete. 
In the area that I have visited I have been able to recognize by a 
study of the faunas the following groups which are lithologically 
indistinguishable : — (A) Upper part of the Middle Kirthar, (B) 
Lower part of the Middle Kirthar, (C) Lower Kirthar. These will 
be described separately below. 

(A) Upper Part of the Middle Kirthar. 

I have collected specimens of Foramirdfera from about 300 
to 400 feet of limestones and shales of the upper part of the Middle 
Kirthar. These beds crop out in the hill range south-east of Damach^ 
Thano Bula Khan taJuqa, Karachi district, in the Laid Range west 
of Laid village and in the hills south of Rohri, Sind. Near Damach 
and in the Laki Range the upper part of the Middle Kirthar rests 
upconformably on the Laid Limestone of the Laki seriep (Lower 
Eocene) and is overlain unconformably by the Nari series (Oligocene). 
In these areas the lower part of the Middle Kirthar mi Lower 
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Kirihar are absent. In the hills south of Bohri the stratigraphical 
relations of the beds exposed arc not shown, as the Middle Eirthar 
crops out of the Indus River alluvium. 

The fauna is different from that of the lower part of the Middle 
Eirthar and the Foraminifera that I have found in these beds are 
Nummtdites carteri, N. gizehensis, N. Icmgatus, N. aff. scaber, AssiHna^ 
canceUata, sp. nov.. A. papiUata, sp. nov., A. spira, Alveolina ^iplica, 
and Discocydina sowerbyi, nom. nov. 


(B) The Lower Part of the Middle Kirthar. 

The areas in which I have examined outcrops of the lower part of 
the Middle Kirthar are the Dera Ohazi Khan district of the Punjab, 
the Loralai district, the Bugti Hills, parts of Kalat and Las Bela 
States of Baluchistan and’'Cutch (Kachl)). The rocks consist of not 
more than 1,300 feet of massive white limestones and shales con- 
taining abundant Foraminifera. The group is characterized by con- 
taining many Disrodjcllna, the fauna collected from these beds 
being : — Nvmmuliles acutus, N. atacicus, N. bemnuMi, N. Jmngatvs, 
N. maculalus, sp. nov., N‘ obivsvs, N. stamineius, sp. nov., Assilina 
exponens, Dictgoconoides cooki, Discocydina dispansa, D. sowerbyi, 
nom. nov., D. javana var indica, nov., Adinocydina alticostata, sp, 
nov. and Alveolina dlijdica. 

In most localities the Middle Kirthar (B) has a higher percentage 
of ^alo than the Lower Kirthar, but generally the groups are litho- 
logically indistinguishable. The line demarcating the lower limit 
of the former is entirely artificial, as the rocks pass down conformably 
into the latter. 

In all the areas mentioned above the lower part of the Middle 
Kirthar is overlain unconformably by Miocene or Oligocene beds, 
as described later. At no point have I examined a section in which 
the lower part of the Middle E^thar passes up conformably into the 
upper. The marked differences in the faunas between the two groups 
indicate a non-sequence at the top of the lower part of the 
Middle Kirthar. The only species of Foraminifera that 1 have 
observed to be common to ^e two are Nummulites obtuaM, N, 
loBvigatus, Alvedina dlvpiica and Discocydina sowerbyi, nom. nov. 

Previous to the deposition of the Oligocene the Eocene bede of 
the Bu^ti Bills, Loralai and Dera Ghasi Khan dktricts were elevated, 
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subjected to subaorial denudation, and the upper part of the Middle 
Kirthar as well as the Upper Kirthar removed. • 

The Middle Kirthar (B) is well exposed on the flanks of foot- 
hills o£ the Sulainiau Kango extending from a point north of Fort 
Munro in the Punjab for about 40 miles to Drug in Baluchistan. 
In this area the generalized section is as follows : — 

TliicknesB 
in feet. 

Plbistocbnm and Plkxikxji!. UpiM'i' Siwalik eonglomeratet), 

MtKlurlain by Lower Siwalik HaruLstoiies and Hhales^ . about 10,000 
iMiooBNK. (inj. PcsiTugiiKiuH saiuktoncH and jiebblc beds, about 1,000 

(Tho ooritaot of tlio Gaj with tlio underlying Kiithar is uncon- 
foriuable). 

Eocene. 

Lower pari of the Mvidle Kirthar. 

Drown to blue shah's with iiiuch scoondary gypsum. Near the 
base are several ealearoous bands almost entirely made up of 
Diacocijclitui unduhita sp. nov. D. Sowerbyi, nom. nov. and 
D.javana var indica nov., which bods form an horizon that can 
bo traced for many miles. In places those rooks alio contain 
Nuvnntdites alacicHS ........ 1,200 

A [lorsisteut bod of pure white limestone, forming a prominent 
strike vidge, wliieh can be t.racod for over 1^0 miles. This lime- 
stone is very fossil if crons, tho lower ])art containing abundant 
JHscoci/clim diajMHsa, also D. sowerbyi, Nummulites beamtumti, 

N. acuiuH and 1) let yocon aides cooki . . • . . 20 to 30 

L^cr Kirthar. 

Blue grtjy shales weathering olive green with much secondary 
gypsum in the form of clear selenite crystals. Near the top 


is a brown sandy limestone crowded with Ostreea . . . 900 

TJmestone with grey to black chert bands .... 40 

PersisUmt bed of massive white amorphous gypsum ... 16 

Blue-grey shales 400 

Massive white limestone with Nummulites atacicus . . . 1,300 

:i aeries. Ghazij Shales. ^ 


Blue-groy lissilo shalep with thin limestone 1 ands in the upper 
part, containing Nummulites atacicus and Assilina granulosa .about 2,000 

Dunghan Limestone. 

Conglomeratic hard dark limestone interbedded with olive shales, 
containing AlveolincSp resting unconformably on Cretaceous 
Pnb Sandstone, about 600 


Total thickness of Eocene rooks measured , 


6,386 
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The following is the section of the Eiithar beds on the south 
flank of the Hr Karoh Bange, Bugti Hills, Baluchistan, where there 
is less shale than in the section further north described above : — 

Miooenb. Caj saniUitonGH and shales with maiamalian and other 
bones. 

OLiaoOENE. Nari. Very ferruginous ealeai'eous sandstone, in some 
localities glauconitic, containing NvmmulifeM intermedins and 
Pecten sp. This bed marks an unconformable contact at the top 
of the Kirthar series. 

Eooene. 


Lower part of the Muldle Kirthar. 

Nodular white tinfussiliferouH limestone ..... 75 

Olive shales 300 

Intercalated limesioncs and shales with Utscocydina javana var. 

indica nov., at base 200 

Nodular and massive white limestone with Nummulites stamineus 

sp. nov. . . 325 

Massive unfossiliferous limestone with chert bands . . 260 

White nodular limestone with N uwmuUtes beamnontif />i.scoc?/- 
clina javana var, indica nov., Oklyocanoides and Alreo’ 

linu elllpiica ......... ^ 

(liooolate, olive or greenish shales with Alveolina clliptica . 70 

LiWir Kirthar. 

Massive limestone w'ith some interealateil gypseous and shnly beds, 
with Numniuliles obtusns. Base not seen .... 700 


Total thickness of Kirthar beds mcastircd. . . . ' . 1.980 


In Outch the lower part of the Middle Kirthar conaists of about 
500 foot of welbbedded white limestones, overlain unconformably 
by about 10 feet of Nari Limestone with Namnvuliies intermedius 
and N. dipeus (46), and at its base about 75 feet of shales which 
rest unconformably on a laterite at the top of the Deccan Trap 
(67). The Foraminifera that occur in the limestone are Nummulites 
aciUus, N. maculaius sp. nov., N. stamineus sp. nov., N. obtusus, 
AssiUna exponens, Alveolina dliptica, Discocydina dispansa, D. 
sofOethyi nom. nov., D. javana var. indica nov., Adinoeydina aUicostata 
sp. nov., md Didyooonoides coohi. 

(C) The Lower Kirthar. 

1 have examined the Lower Kirthar rocks in the Dera Ohazi Khan 
district of 4lia Punjab, and in the Lotalai district, Bugti Hills and 



120 


Records of the Geological Survey of India. [ VoL. LIX. 


Bolon Pass of Baluchistan, where they consists of about 1,600 to 
2,000 feet of massive, white, rather unfossiliferous limestones interca- 
lated locally with shales end occasional sandy or gypseous beds. Tliey 
rest conformably on the Ghazij Shales and there is no sharp line 
B 3 parating the latter from the Lower Kirthar. In the upper part of 
the Ghazij Shales are thin limestones crowded with AssUina granulosa, 
and also containing NumrnulUes atacicus as a common fossih 1 have 
oollected the following Foraminifera from the Lower Kirthar : 
NummttUtes atacicus, N. cdAuaus and AssUina exponcns. 

In the paloeontological portion of this paper the above species 
of Foraminifera are described, and in each case a list of the locali- 
ties IS given stating where the spocimons were coUi^ted. The 
following table giving the stratigraphical distribution of the Fora- 
minifera of the Middle and Lower Kirthar is provisional. It is 
based solely on the above occurrences, the microspheric form only 
being quoted. If careful collecting were undertaken over a larger 
area other species would bo found and it is also not improbable that 
slight alterations would have to bo made in the vertical distribution 
of some of the species mentioned below. It is clear, however, that 
the three divisions in the Kirthar series given below can be distin> 
guidiod by their containing characteristic faunas of Foraminifera. 


(3) TABLE SHOWING THE STRATIGRAPHICAL DISTRIBUTION OP 
FORAMINIFERA IN THE LOWER AND MIDDLE KIRTKAR 
SERIES. 


Oenua and Species. 


baki series. 


Lower 

Kirthar. 


( 0 ) 


KIBTHAA fllBlKS. 


Lower 
part of 
Middle 
Kirthar 
(B). 



Kirthar 

(A). 


.Vammulttes (itecictu, I«ym. . 

d Asiltna Kxponens, (Sow. ) 

iVumnnlitM obtuaus, Sow. 

AiiimmaMes aentiu, Sow. 

NwnmidUe* beaumonti, d’Aroh. 
and Uaime. 
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(3) TABLB SHOWING THB STRATIORAPHICAL DISTRIBUTION 
OP PORAMINIPERA IN THB LOWER AND MIDDLE KIRTHAR 
SERIES -cojf^t/. 


Ghiniis and Spoo 




upper 
part of 
MiddJe 
Kirtlinr 
(A). 


Laki sories. 


Lower 

Kirthar 

(C). 


Lower 
part of 
Middle 
Kirthar 
(B). 


NtmmuliteF maeulatus, ap. nov. 

N ummuliies stamineus, sp. nov. 

Dicfyoconoidea cookie Carter . 

AriimnjeliM aUicosiaia, ap. 
nov. 

Di ^cocyclina dhpanaa, ( Sow. ) • 

OiAcocyclina javana, (Verbeek) 
var. indka, nov. 

Diicocyclina undviata^ <4p. nov. 

Uisroryclim nowerbyi, nom.nov. 

Aloetdim ellipticaf (Sow. ) 

ynmmulitea (Drug.) 

Wummulitea carterif d’Arch. 
and Haime. 

N immuliks gizeheiMis, ( Forks. ) 
Numm^iiea aff. acaber, Lam. 
Asailina canteUaht ap. nov . 
Aaailina papilkUa, ap. nov. . 

Aaailina apira, de Boiaay. 


(4) THB AQH OP THB MIDDLE AND LOWER KIRTHAR SERIES 
AS DETERMINED PROM THB LAROBR PORAMINIPERA. 

The ^oUowing speciea of Nummuliles and AssiUm that occur in 
Enrope Wf ftfttad in tiie Middle »nd Lower Kiri^ar series of India. 
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I have only quoted the microspheric forma and have stated l^e known 
atratigraphical range of the species in the two regions * 

CfOiiiiH and Sx)ceii‘H • . 2Siniiii'ra|jliU‘al range <»b- EalabliBlied atiatigiuphiial 

fietved by the Hritor range in Europe, 
in India. 

NiimmulitcH alaciem . . Laid ^^ricR to lower jiait Lower Eocene to Lutetian. 

of J^ddle Kirthar. (7i, 21c-, 27.) 

NummuUies Imvigaiua . Middle Kirthar . . Lutetian (7b, 16, 26, 27). 

Nummulitea BiE. scabtr . Do. . . Do. (7b). 

NummulUea oblusua . . Lower Kitth.ir to np|)cr Lutetian to Auveraiaii 

]iart of Middle Kirthar. (7e, 27, 26). 

Num/tiulkta gisehensis . Ujijior imrt of Middle Kir. Lutrtinii (7|r, 26). 

thar. 

ABailinaetpouLHs . . Upper part of Gimzij Lutc^tiaa (21d, 27) to All* 

Slmlofl (Laki hcrir») to veraian (7j). 

lower |iart of Middle 

Kirthar. 

Aasilhut apira . . . Up|jcr part of Middle Kir- Lutetian (71i). 

^ thar. 

In niy recent paper on the JUiki series (46) I have classified 
these beds as Tjower Eocene, and the above evidence from the 

species of Foraniinifera indicates that the Lower and Middle Kirthar 
is equivalent to the Lutetian of Europe. 

Throu^out the area, the stratigraphy of which I have described 
briefly above, the lower or upper part of the Middle Kirthar is over- 
lain unconformably by Miocene or Oligoccne beds. According to 
Vredenbui^g (63d) the massive limestones of the Kirthar ’Rjtftg w and 
the Mula Pass form the Upper Kirthar series. These beds he 

classified as Upper Lutetian, and according to him beds of Auversian 
to Priabonian ago are absent in Western^ India. Our knowledge 
of the foraminiferal fauna of the Upper Kirthdr is still very incom- 
plete, so that the age of these beds cannot be determined with any 
certainty. There is however little doubt that the Lower «-nd Middla 
Kirthar are equivalent in age to the greater part of the Lutetian of 
Europe. 

With the exception of NuinmulUes Usvigalus tiie strattigiaphical 
distribution of the species mentioned above is approximately the 
same in India as in Europe. In Europe N. Icwigatiu appears in the 
Lower Lutetian (21d and 26), whereas in India the lowesif hoiicon 
at which I have observed this species is the lower part of tiSe Middle 
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Kirtliar, probably Middle Lutetian. The mollusca of the Kirthar 
Series have so far not been the subject of a systematic study. The 
meagre information regarding this group included in d’Archiac and 
iiaime’s monograph (2) throws little light on the age of the beds. 

Middle Eocene strata containing among other species Nunmulites 
acutus {—vredenburgi), Discocydina jamna and numerous other Dis- 
cocyclines have been described in Java, Borneo, the Moluccas, and 
New Guinea (61, 62, 18, 20, 23). This fauna resembles that of the 
lower' part of the Middle Kirthar of Western India. 


(5) PALAEONTOLOGICAL DETAILS. 

(A) BeVISION of previous UESORIPTIOMS of NUMMULITES ANO OTHER 
TERTIARY FORAMINIFERA FROM ImPIA. 

(a) Sowerby's Desaiptvm of Tertiary Fossils front Cutch. 

In 1837 J. de C. Sowerby (58, 59) described a collection of fossils 
from Cutch, which included the following species of For. minifera 
from the Middle Kirthar : — 

Nummtdiles (Nummulina) aculus (see j>. 133). 

Numrmdites {Nummvliva) oblusus (see p. 137). 

AssUina (Nummulina) expuiens (see p. 1 12). 

Aheolina (Fasciolites) eUiplica (see Nuttali 47). 

Discocydina (Lycophris) dispansa (see p. 1 15). 

Discocydina (Lycophris) ephippium (see p. ). 

I have collected specimens of all those species from Cutch and 
have re-described them giving details of the internal structure, which 
were for the most part omitted by Sowerby. Sowerby’s types of each 
of 4he8e species, except that of D. dispansa, are preserved in the 
British Museum (Natural History). 

(6) The Monograph on Nummulites by Messrs. D'Archiac and Haime^ 

D’Archiac and Haime in their classical monograph of 1853 on 
the grams Nummulites recorded from India 18 species of Nummulites 
and AesiUna which are enumerated below (2a). It is unfortunate 
that throui^out this publication these authors did not state the 
localitdes from which their figured specimens of Nummulites Mere 
collected, as the species are described from widely separated parts 
of Europe Asia. Hi their text when localitiee in Western India 
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arc mentioned they are usually vague, and moat of the specimens 
from Sind are recorded ns having been found in the Ghaine D’l^ala, 
which as a range of hills is purely a geographer’s myth. By the 
(haine D’Hala D’Arehiac appears to have meant parts of the Eii&ar 
Range and any of the hill ranges of Lower Sind. Also when the 
specimens described from India by D’Archiac were collected little 
was known of the geological succession of the Tertiary rocks, and in 
consequence no effort was made to separate the species according to 
their stratigraphical horizons. These factors deduct much from the 
value of their work. 

In 1903 T]i4venin (GO) by making a careful examination of D* 
Archiac’s collection and by comparing the specimens with the figures 
was able to find a number of the types and determine which are the 
figured specimens. Unfortunately certain specimens were inade- 
quately labelled and others lost so that our information in this le- 
spoct is incomplete. In the list below I have marked with an asterisk 
five species of Nvmmvliles from India of which the original types or 
figured specimens are still preserved in the Mus{e de Palionldogie 
at Paris, and have discussed separately each species recorded from 
India by D’Archiac ; — 

Nunmidites lyelli, A. and 11. According to Thdvenin D’Archiac’p 
Plate II, figs. 10, 10a, 10b, var. b, is doubtfully ascribed to specimens 
of this species from Sind. Boussac (7a) and other recent writers 
classify this species as synonymous with N. giz<hcnsis, Forsk (see 
p. 1.39) 

*Nummulites suUaangata, A. and II. D’Archiac’s Plate IV, figs. 
8, a to b. This species is synonymous with N. irUerniedius, D’Arch. 
and occurs in the Oligocenc Nari beds (See Nuttall 46). 

Nummulites scab r, Lam. D’Archiac and Hums included in 
this species N. aoutm of Sowerby, which is different, as described 
below (p. 133). 

*NvnmuUtes cbtvaus, Sow. D’Archiac’s Plate VI, figs. 13, a to e. 
The figures and description concord with typical globose forms of 
the species. Locality, Sind (see p. 137). 

*Nvmfnulite8 lu&isana, Defr. D’Archiac’s Plate VU, fig. 10 var. o, 
from “ Subathoo ” in the Punjab. The specimen named thus is refer- 
red to pcrfortdus, the megalospheric form of N. cbtusus (see 
p. 138). 

Nummulites ramondi, Defr. The specimens referred te under 
this name may be young forms of N. aiacieus (see p. 129), 
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Nummidites biarritzensis, D’Arch, partiy synonymous with N. 
afacicus (see p. 129). 

Nummulites beamionti, A. and H., described below (p. 130). 

*Nummrjddtes vicaryi, A. and U. D’Archiac’s Plate IX, iigs. 1, a to 
b. A nunuuulite, the septal iilaments of which are without granules 
uud very turbulent, which 1 have not found. Locality, ISind. 

Nummnlitea eryponms. Sow. (see Assilina exponem p. 112). 

Nummulites granulosa, D’Arch. (see Assilina granulosa, which 
IS characteristic of the Laki series ; see also Nuttall (48a)). 

Nummulites sjrira, de Koissy (sec Assilina spira, p. 113). 

Nummulites garansensis, Joly and Luyin. This species is sy 
uonymous with N. ficIUeli, Michelotti, the mcgalospheric form of 
N. itUermedius from the Nari Oligoccne beds (sec Nuttall 46). 

*Nummulites carteri, A. and H. (see p. 139). 

Nummulites guettardi, A. and 11., probably the same as N. suba~ 
tacicus (see p. 130). 

Nummulites hymerei, A. and 11. The mcgalospheric form of 
Assilina granulosa, which occurs in the Laki scries (see Assilina 
kymerei in Nuttall (48b)). 

Nummulites miscella, A. and 11., a Hiderolites occurring in the 
Upper Nauikot. 

Operculina tattainsis, A. and U., synonymous with Assilina 
granulosa from the Laki series (see Nuttall 48a). 


(c) H. J. Carter's Papers, 

Two important papers on Faraminifera in Western India were 
published by Carter in the years 1863 and 1861 (9 and 10). I 
have been unable to find Carter’s collection of fossils, although in 
1900 C!ha]pmaii mentioned having^ found and examined part in the 
British Museum (Natural Uistory) (11). Carter described the fob 
lowing spades of Nummulites aM Assilina from India : — 

Operordirw sp., (1863) pp. 167-168. PI. Vll, figs. 3-4. Eqmvulent 
to Assilina gramdosa, D’Aich. (See Nuttall 48a). 

AssiNna irregularis, Qot. (1863) p. 168. PI. VII, figs. 6-6 (1861), 
p. 366. Equivalent to AssHwa spira, ds Boissy (see p. 143). 

Assilina sp. (1853), pp. 168-169. PL VII, figs. 7 to 8 (1861), pp. 
367*368. PL XV, figs. 1, a, b and c. Equivalent to Assilina eayponens 
(see p. 142), 
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Nummulina ap.^ (1853) p. 169. PI. VII, figs. 9-10 (1861), pp. 369- 
370. Kquivalont to Nvmimdiiea carteri, D’Arch. & H. (see p. 139). 

Nummulina obtusa, Sow. (1853) p. 170, 1*1. VII, figs. 13-14 (1861), 
pp. 371-373. (sec p. 137). 

Nummulina acuta ? Sow. (1853), p. 171. PI. VII, figs. 21-22 (1861), 
pp. 376-378. Kqui valent to Nummulites intermediua, D’Arch., of the 
Oligocenc Nan beds (see Nuttall 46). 

AssUina obesa, Cart. (1861), p. 368. PI. XV, figs. 2 a, b, c and d. 
Equivalent to Assilina mamillaUi, (D’Anh.) (see p. 143.) 

Nummditea broachensis, Cart. (1861), p. 373, PI. XV, figs. 3, a 
to 0 . I have not found this species. 

Nummulites biarrilzensia, A. and IT. (1861), pp. 373-374. Prob- 
ably N. aku'ieus or N. stamineus (see pp. 129, 131). 

Nummulites rattwndi. Defr. (1861), )>]>. 374-375. Probably young 
N. atwicus (see |). 129). 

Nummulites he’ateusis, Cart. (1861), p. 376, PI. XV, fig. 6, a to 
d. I have not found this species. 

NimzHulites irregularis] Desh. (1861), p. 376. (see Nuttall (48)) 
ITiis a|)ecios 1 have found in the Tjaki series. 

In addition (o the above Carter also figured and described Kirthar 
species of Dtscocgclim (see p. 1 15), as well as numerous Eocene 
Ali'eolimc (see Nuttall 47 and '18c) and Dietgocouoides loohi, (Cart.) 
(see Nuttall *17). 

(d) Articles by E. W. VreJenburg and G. de P. Cedler. 

In 1906 Vredenbuig (63a and b) described as a new species 
Nummidiles doueiUei {—vredenburgi, nuctorum) from Cutch, which 
species for reasons given l)clow (p. 133) I regard as synonomous with 
N. acutua, Sowerby. In the same article ho gave a table Rowing 
the zonal distribution of Indian Nitmmulitea. As stated above he 
has not described any of the species mentioned, and some ot the 
identifications are uncertain. The species which he records as 
occurring in the Lower and Middle Kirthar are as follows : — Nun^ 
mulitea perforalua (which is synonomous .wi^ N. obtuaus, see p. 
137), AaaMna apira (see p. 143), Nummtditea beaumonti (see p. 
130), Nummsditea murchisoni (I have not observed this species in 
India), N. diacorfnna (1 have not observed this species in India ; a 
closely related fonn is N. atamineua, sp. nov., Seep. 131), N. Imigatua, 
(see p. 134), AaaiUna exponena (see p. 142), A. at0ata» Vnid.— a 
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Hpecies which waa not described , said to be related to A. spira, 
possiblj A. paptUata, nov. (see p. 144). NummulUes douviUd, Vied, 
the equivalent of N. acutus, Sow., see p. 133), N. gizekensis (see p. 139) 
<ind N. irregularis, which I ‘have only observed in the Laki series 
(hee Nuttall 48d). 

In 1914 Cotter (13) described a new species, Nimjwuli/ei yaroensis, 
from Burma, Vhich I have not found in Western India. He also 
discussed the zonal distribution of Indian NummuJiles. 


liisr OP Foraminifkra and Clarsipicaiton op Nummuutfs. 

It has been well established by DouviUd, Boussac (6, 17, 21, 22, 
28a) and others that the only satisfactory classification of the species 
of the genus NuntmtdUes is by the stnicture of the septal filament^, 
in many of the specimens found in Euro])e the structure of the septal 
filaments is visible on the exterior of the test or is exposed by polirii- 
ing a surface. In the case of the Nummtditvs from the Kirthar 
series, in a few instances the septal filaments are visible on the 
weathered surface of the shell, but usually the state of iireservation 
'8 such that their structure is not even made clear by means of a 
{wlished surface. This is due to the fossil shell consisting of pure 
white calcium carbonate, and what were originally cavities enclos- 
ing the sarcode being filled with transparent colourless or translu- 
cent white calcite. In specimens preserved thus the structure of the 
septal filaments is only made clear by cutting a thin horizontal 
section of the test, which, if made immediately above the median 
chamber layer, shows the structure of these filaments from the begin- 
ning of tlie growth of the shell to the adult stage. 

In describing the species of Nwnmtdites and Assilina 1 have 
employed the following terms : — 

For the “ filets cloisonnaiTes ” of French writers the term “ septal 
filaments ” is used. These may be “ radiate,” “ reticulate,” “ mean- 
driform” or as in Assilina (see p. 128). The Eocene reticulate 
Nummulites described have a ** simple mesh,” which term corres- 
ponds to Bousaac’s ” r^seau simple.” The term “ colunm,” employed 
by Carpenter (8), is used in the same sense as “ piliers ” of French 
writers. In certain species the columns where they come to the outer 
surface of the shell form piotruberaiitces known as “granules” (see 
Fhte n figs. 2 and 3). 
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An “ axial ” section is cut at right angles across the shell per-, 
poudicular to the piano of symmetry, as in Plate II, figu^'o 6. ^An 
equatorial ” section is cut through the plane of synunetry showing 
the median chamber layer as in Plate I, figure 6. In an equatorial 
t'eetion there are the chambers, the septa, the whorl laminm ; the 
width of the chambers is measured parallel to the radius, the length 
parallel to the whorl laminte. A “ lateral ” section is cot immediately 
above an equatorial section so as to show the structure of the septal 
filaments as in Plate I, figure 7. By Form A is meant the megalo- 
spheric form, and by Form B the microspheric ; these are given 
separate specific names. Since the microspheric form is the larger 
it shows best the characteristics of the septal filaments, which are of 
()rimo importance in recognizing the couples A and B. * 

The following classification of the Nummulites, based on the struc- 
ture of the septal filaments, has been adopted, there being however 
no sharp d.ividing line between groups 2 and 3 : — 


(1) Soptal liluiLiutiiH 
radiate 


witliimt oolumiiS] 


(fi) X. atucicus, Lcyiii. (B). 

I N, mbata>cku9, Douv. (A). 

I (6) N. beaumonti, A. aud H. (B). 
V.(f) X, Htaminevs, «p. nov. (B). 

xV. acuhuf. Sow. (B). 

‘ I X, (Ijokdjokarta, Martin. (A). 

(2) Sopial iilarnouts witli oulumtis^ roti-J {b) X, Iwvigatvs {Brug.) (B). 

uulatc with Himplu mosh N, Uimarcbi, A, and IL (A). 

(<•) X. ixfl. sofiberf'lALUk. (B). 

(c/) N, obiusuA, Sow. (B). 

N. perforaius, (do Mont.) (A). 
r (a) X. carterif A. and H. (B). 

(3) Soptal lilamoatd with ooluums, moaii«{ {b) N. gizehemis^ (Forks.) (B). 

ddform nwulaiusy sp. nov. (B), 

f(a) A. concelkUu, sp. nov. (B). 


Gonus Aasiliiiii, f Sometimes coniiidcred 
nil a subgonuB oc Numninlitw) 


(A). 


A, stibcamdUiia, sp. nov. 

(6) A. exponena, (Sow.) (B). 

A. mamillata, (D*Arch.) (A). 

(c) A, apira, do Aoisay. (B). 

(d) A. pfipillala, sp. nov. (B). 

A. avhpapilltUa, sp. nov. (A), 


The Foraminifora of other genera are : — 


Orhtioi^^ 

Disoocydma. 

D. dispatm, (Saw.) 

D. javana, (Verbeek) var. indioa, nov. 
D. sowerbyi, nom. mut 
D. uttduloto, nov. 
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A. aUicosUOa, nov. 



Alveolina. 


A. eHijdica, Sow. (see Cattail 48). 


D. cooki, (Carter.) (see Nuttall 48). 


In the case of the Orbitoides the terms axial and equatorial sec* 
tions are employed in the &amo sense as with NimmuUles. A 
“ lateral ” section is cut horizontally a very short distance above the 
upper surface, so as to show the adult development of the columns 
of shell substance in the lateral cl amber layer. 


(C) Description of the species of Kirthar Nummulites, Assilinae 

and Orbitoides. 

Genus, NUMMULITES, Lamarck. 

(I) Nuiutimlites with radiate septal filaments without column'll 


Nummuutes atacicus, Leymerie. 

1844. NuMinulitea ataeicw, Leymerie. (39). 

192.5. Nummuhtet nlftricw, Leym. Nuttall (48c) cum syn. 

In a recent paper 1 have figured and described N. atacicus from 
the Laki aeries of India, llie representatives of the species as found 
in the Kirthar bo'^s are characterized by having sinuous septal fila* 
ments, as in Plate XXY , figun s 1 and 2 of the above paper. This 
species which is found throu^out the Laki series, ranges up into the 
lower part of the Middle Kirthar. I have examined numerous 
specimens from the following localities : — 

(a) I^m the Middle Kirthar (B), about 2 600 feet above the 
contact of the Lower Kirthar with the Ghazij Shales, 
Garmaf hot spring, Buzdar tribal tract, Dera Ghazi 
Khan foothills, S. W. Punjab. A large variety, its 
average diameter 23*6 mm., maximum observed diameter 
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28‘8 mm., average thickness 6-8 mm., maximum thick* 
ness 6*7 mm. Average ratio of diameter to thickness, 4"* 
to 1. There are 9 whorls in the first 3 mm. of radius and 
16 in a radius of 9 mm. 

(&) From the shales of the Middle Kirthar (B) ; N. E, of Fabuni 
Chauki, Las Bela State, Baluchistan. Average diameter 
12'1 mm., average thickness 5-3 iiim. Average ratio of 
diameter to thickness 2*3 to 1. 

(c) From the shales of the Middle Kirthar (B), west of the 

Hub Fiver, west of Ehand Jhaud, Karachi district, 
Sind. Similar to b. 

(d) From the top of the Lower Kirthar ; 6 miles N. E. of Bari- 

sham, Loralai district, Baluchistan. Average diameter 
14*9 mm., maximum observed diameter 16*3 mm., average 
thickness 4*8 mm., maximum thickness 6*2 nmi. Batio 
of diameter to thickness 3 to 1. 


Nummuijtes stiBATACicus, Douvill^. 

1919. ffwnmulilea aubalaru lu., llonMlIi (21a). 

102ri. Nvmmulitea suhaUit xcuh^ Niittall (<(8f) 

This species, which is the megalospheric form of N. atadevs 
has been found associated with it at locality (6) above and was observed 
in the same beds west of Pabimi Chauki. Average diameter 6*5 
mm., maximum diameter 0*9 mm , average thickness 3*3 mm , maximum 
thickness 4*0 mn>. Average ratio of diameter to thickness 1*7 to 
1. Tliere are 7 whorls in a radius of 2*5 mm., , nd 8 in a radius of 
3 mm. The s<>ptal filaments are nearly straight radiate. 


Nummolitrs nRAUM*)m'i, D’Archiac and Haime. 

1853, Nummtitiies beauwonti, D’Areliiac and Haimo. (2b). 

1883. Nummulfte^ btatmonli, D’Archiac and Haqie. (33b). 

1(M)2. HarUkenia beaumoiUi, A. and H. Prever. (51). 

Plato I, figs. 4 and 6. 

This species was recorded by D’Archiac and Haime from Suba- 
thu (“ Subathoo*') in the Punjab, Cherrapunj' (“Cherra Poonji”) and 
near Sylhot (“ Silhet ”) in Assam, but the types from India ^re 
no longer preserved. Writing of this species from Egypt in 1877 
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de la Harpe statea (32) : — '* J’ai pu me convaincTe par I’ezamen 
d’une riche moisson de N. Beaunumti rapport4e d’Egypte par M. le 
professeur Zittel, que cette demi^re esp^e n’eat qu’ime yari4t4 
de la N. Biarritzensis. D’apr^a D’Archiac la difi4rence easen- 
liello entre elles conaiaterait dans la apiro plus fine et plus 
serr4e de la N. Beaummti.'* In 1883 de la Haipe classified N. beau- 
monli as a definite species. Whore I have found N. bcanmonti in 
the Middle Eirthar (B) I have had no difficulty in distinguishing 
it from the closely related species N. atadcus {=biarritzensis)^ 
which, as stated above, has a much wider stratigraphical rauga 
I have not found the megalospheric form. 

The specimens of N. heaumonti that I have examined have slender, 
nearly strai^t to sli^tly curved, radiate septal filaments, which are 
shown clearly in Plato I, figure 5. In equatorial section (fig. 5) the 
whorls are seen to be close together, very regular, and the septa 
practically straight, which distinguishes the species from young speci- 
mens of If. atadcus. The average diameter of the shell is C*8 mm , the 
maximum observed diameter being 7*5 mm. Average thickness 
3*6 mm., maximum observed thickness 4*4: mm., average ratio of dia- 
meter to thickness 1*9 to 1. There are 13 whorls in a radius of 3 
mm. 

In one quadrant of the 5th whorl there are 8 septa. 

In one quadrant of the 6th whorl there are 11 septa. 

In one quadrant of the 7th whorl there are 11-12 septa. 

In one quadrant of the 8th whorl ^ero are 13 septa. 

In one quadrant of the 9th whorl there are 15 septa. 

Occurrence : — ^Horizon, Middle Kirthar (B). (a) From about 2,600 
feet above the contact of the Lower Eirthar with the Qhazij Shales; 
Dawagar, Dera Ghazi Ehan foothills, S. W'*. Punjab (very common), 
(6) From the same horizon. Drug, Loralai district, Baluchistan, (c) 
From 6 miles N. of Dera Bugti, Bugti Hills, Baluchistan, (d) From 
Taghoa, Loralai district, Baluchistan (common). This species occurs 
in the Middle Eocene of Egypt and is recorded from Italy, the horizon 
in this case being uncertain but probably Lutetian. 

Jb 

Nummuittes stahimeus, sp. nov. 

Plate I, figs. 1-3. 

Test lenticular, border bevelled, average diameter 14*7 mm., 
largest dii^eter observed 20*4 mm., average tihickness 6 mm., 

k2 
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maximum thickness observed 8'3 mm. Average ratio of diametor 
to thickness 3 to 1. Septal filaments fine, simple, radiate, gently 
curved, somewhat irregular. In equatorial section (P\ato I, fig. 3) 
the fonn is seen to be microspheric, with 9 to 11 whorls in the first 
3 mm., 17 to 20 whorls in a radius of 8 mm. Whorl lamina) thick ; 
Bei)ta numerous, straight or only sli^tly curved, set nearly at ri^t 
angles to the whorl lamiiue. Chambers subrectangular in cross- 
section, their width greater than their length. 

In one quadrant of the 4-th whorl there are 8 — 11 septa. 
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This nunmmliti' resembles several known species, but is different 
from any of the described Eocene forms. Numniulites probably belong- 
ing to this species from Lukpat (“ Lukput”) in Cutch have been referred 
to N. atacicus {=biarril:ensis^ by Carter (10a). Externally some 
specimens strongly resemble the varieties of N. atacicfus with fairly 
straight septal filaments, but internally the whorls are more numerous 
and the septa set closer together. This species is readily distin- 
guished from N . kdatensis, since the fine rjidiato septal filaments of 
the latter, as figured by Carter (10b), are more regular and the diameter 
of the tost about half as great us that of N. staminew. A species 
very closely related is N. discorbinus, Schloth. (see Harpe 33a), 
which is primarily distinguished by being smaller and much more 
globose. 

Occurrence : — Stratigraphical horizon. Middle E^irthar (B). (a) Frohi 
I mile south of Waghapadar (“ Waggerpudder ”), Cutch. (6) From 2 
miles 8. W. of Godhathad (Qothahad), Cutch. (c) From the massive 
Kirthar limestone, 600 feet below the contact with the Nari series ; 
Kalu Kushtak Nala, due N. of Lakhe-ka-kot, Bugti Hills, Btdochi- 
Btmi (common). 
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(11) NummuliteR with reticulate septal filaments of simple me^ 
and with columns. 


Nummulites acutus, Sowerby. 

1837 (J840) Nummulana ojcuia^ iSoMerby (5Sri). 

1900. Nummuldes donvillei, Vrcdenburg (03a) Foim B. 
1908. Nummulites vredtnburgx, l*ie\cr in Vredenburg (04). 
1912. Nummulites vredenburgi, DouviUi (19a) eiini syn. 
1023. Nummnlitfis vrcdenburgi Doum)16 (23). 


Plate II, figs. 1-4. 

VredenbuTg described this species ns N. donnilci from Lakhpat 
and Noondatur in Cutch, but there are a few im])ortant characteris- 
tics which he has not made clear. lie has only figured adult speci- 
mens of the microsphcric form, and, to judge from his remarks on 
page 86, he has referred young specimens to N. scabtr, Lam., which 
externally they reeemble. D’Archiac and Haime (2e) have incor- 
rectly placed N. acvtvs as synonymous with N. .<icabtr, the Indian 
representative of wliich species is described below. 

In Vredenburg’s description of the exterior of N. dourillei ho 
omitted to state that in the adults a small central mamelon is not 
uncommonly found ; I have found it in about 10 per cent, of the 
specimens of this species in my collection from Cutch. Also where 
the exterior layer of shell substance has not been removed by weather- 
ing, sinuate radiate ridges may bo seen on the outer surface (See 
Plate II, fig. 1). Strong granulations arc found in young forms and 
are well shown in figures 2 and 3. Of the nummuh'es referred to 
N. aevtus by Sowerby from Lakhpat in Cutch, one of the types (tho 
top, right, figured specimen) is i)re8erved in the British Museum 
(Natural History) ; Dr. W. D. Lang kindly arranged to have 
it photographed (fig. 3). This is clearly a young granular form of the 
species, the exterior appearance of which is identical with that of 
another young specimen in my collection (fig. 2), which is better 
preserved than the type. In the case of the remainder of Sowerby’s 
figured specimens it Is doubtful to what species they belong, and it 
seems that the specimens are lost. 

The ' structure of the septal filaments is characteristic of the 
species and is identical in young granular forms and in the adult 
Spioother yaxieties. Tt, is only diagrammatically represented ip 
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Vredonburg’a figure 8b. Whore tie upper layer of ahell substance is 
weathered away the septal filaments are partially exposed and appeal 
exactly like those shown in Douvill^’s excellent photographs of 
specimens from Java (19a). The septal filaments are best seen by 
making a thin lateral section of the ^ell immediately above the 
median chamber layer (as in fig. 4), which diows that they are indis- 
tinguishable from those of a specimen figured by Douvill4 from Boti 
Island (23). The specimens from near Godhathad (** Gothahad ”) are 
of approximately the same size as those described by Yredenburg, the 
diameter varying from 17*9 to 9*7 mm., the thickness from 4*9 to 3*3 
mm., and for twenty specimens the average ratio of diameter to 
thickness being 3*7 to 1 . 

This species, which in India has been recorded from dutch and 
Burma (13), is also found in Baluchistan, the localities from which 

1 have examined specimens being as follows : — Stratigraphical horizon. 
Middle Kirthar (B). (a) From the base of the Kirthar Limestone; 

2 miles S. W. of Gothahad (Godhathad), dutch (common). (6) Prom 
1 mile south and 1 J miles N. of Waghspadar (Waggerpudder), dutch, 
(c) From a bed of white limestone, 20 feet in thickness, at about 2,600 
toet above the contact of the Tjow'er Kirthar Limestone with the 
Ghazij Shales, E. of Drug, Northern Baluchistan. 


Niimmui.ites Djokp.iokart;b, Marti. 

1881 NummuUna djokdjokartfr, Martin (41). 

15)08. Nummxdites Douvillei^ Vredenbnrg (63b). Form A. 

1012. Nummulites djoktljokattce, Martin, DonTill6 (19b) cum syn. 


This species, which is the megalospheric form of N. acutus^ has 
Deen described by Vredenburg from Cutch. 


Nummulites LiBviOATus, (Brugui&e, sp.) 

1702. Camerim Icuvigaia^ Bmgui^ro (6). 

1853. NummxdittB lavigaia, (Brag.) D*Arch. and Haime (2o). 
1002. Nutnmulitea Icevigatus (Brag.), DonvilU (17). 

1005. NummnlileR latvigatm (Brug.), Lister (40a), 
k006. NummvlUM Umngaiua (Brug.), Boussao. (6). 

1011. NumuiiieM Icevigatus (Brag.), Boussao. Form B (7b). 
1916. Nummulitee Icevigatua (Brgg,) Dainelli (16a) 
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Plate 1, figs. 6-7. 

This species is very abundant at Sukkur, Sind. The average 
diameter of the test ot specimens from this locality is 23*2 mui., 
the maximum diameter observed being 35*4 mm. The average thick- 
ness is 4*2 mm., the maximum thickness observed being 6*4 mm. 
The average ratio of diameter to thickness is 1 to 6-5. The test is 
fiat, lenticular, with a rounded border. Externally the state of pre- 
servation is such that it is not possible to make out any of the struc- 
ture of the septal filaments, the details of whicli are shown in a lateral 
section (Plate I, fig. 7), in which case the forms appear to be identical 
with European representatives of the species. 

The septal filaments may be distinguished from other related 
species from India by their thickness being variable and the shape ot 
the columns irregular. In N. acutus the filaments are thicker and 
less meandriform. In the Indian representanves of a form allied to 
N. soaber the septal filaments are more widely spaced and the 
columns not infrequently larger than in N. lavigaius. In the varie- 
ties of N. oblusus the filaments arc fine, very turbulent, with 
well rounded columns. Those species arc also distinguished by other 
characteristics mentioned below in the description of each. In an 
equatorial section of N. lomgalm there are 17 whorls in a radius of 
10 mm. ; the structure of the median chamber layer is shown in 
Plate 1, figure 6. 

Occurrence : — (a) From the lower part of tho Middle Kirthar ; 
west of Pabuni Chauki, Las Bela State, Baluchistan (rare), (b) 
From the upper psrt of the Middle Kirthar; Sukkur, Sind (very 
abundant). 


Nttmmuutes lamahoki, D’Archiac and Haime. 

1863. Ntmmuliltt lamareki, A. and H. (2d). 

1906. Nwnmvlitet lamareki, A. and lister (40b). 

1911. JiummuUUt lavigatut, Bmg, Bonsiao, Form A. <Tel 

This species, which is the megalospheric form of H. lestigaivs, 
occurs in abundance- associated with it. The diameter of the test 
varies from 5 to 8 mm. and the average thickness is 2*6 mm. The 
structure of the septal filaments is identical with that of N. lesugatus. 
In equatorial section the diameter of the m^alosphere attains J mm • 
and in a rjidins of 4 mm. there are 6 whorls. 
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jNummui.itks iift'. scABER, Lainarck. 


ISOf. Nummulites aenbra, Litmurck (38). 

NummulilM aenbra, fiaiimrck D’Arrhiac nnd llaimo (2f). 
Isthi. y iimmiililea aaiber, I>ara. Schafhautl. (63'(). 

1018. Nummulilea acubra, Lam. Farro. Lamarck’s typos (28). 


Plate IJ, figs. 5-8. 

There appears to bo no recent description of this species. In 
Hoiissao (7(1) elusailied it as a granular variety of N. lamgalus, 
and Hiiu!o then photographs of Lamarck’s original types of N, 
srtd)er have been published. It is clear from one of these (see 
(28), (ig. IWa) that the structure of the He]>tal filaments is different 
from that of a typical N, Uvvigalm and is I think sufficiently distinct 
to warrant distinguishing the form as a separate, although closely 
riilated, s]iecies. 'Phe lilamcnts are less meandriform, their thickness is 
less variab1(( and the columns arc largi^r and more circular in shape 
than in a tyjiical N. himgalm. The diameter of the test also is 
always smaller and the thickness proportionally gi eater. 

In India there is a closely related form differing somewhat from 
the hhiropean species, hlxtcrtmlly the test is smooth, though occa- 
sionally ill-deiined sinuous lines appc'ar on the surface. The columns, 
which form prominent granules on the surface of the European speci- 
mens, in the Indian forms cm oidy bo observed by making thin lateral 
suctions (sue figs. (> and 8). in axial section (fig. 5) the whorls are 
seen to be set close iiogolher and the chambers are much smaller 
than in Lamarck’s type (see (28), fig. 38b). 

This fossil 4s found in the upper pari of the Middle Kirthar and is 
very abundant at Sukkur, Hind. At this locality 80 per cent, of the 
sjiciumens are very globose with broad rounded border. The average 
diameter is 12*1 mm. and the average thickness 8<0 mm., the average 
ratio of diameter to thickness being 1-5 to 1. The globose form is 
very similar in shape to young N. obtusus. The remaining 20 per 
oent. of the specimens are more depressed, lenticular, with a fairly 
sharp keeled border. The average diameter is 12*9 mm., average 
thickness 5*9, and average ratio of diameter to thickness 2*2 to 1. 
In a radius of 5*5 to 6 mm. there are 16 to 18 whorls, the whorls being 
closer togenhor near the periphery than in the median portion o| the 
shell. The megalospheric form of this species was not found. The 
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hi'jita as seen in an equatorial section (fig. 7) are slightly curved and 
si*l, at an angle usually of about 60" to the whorl laminso. 


In one quadrant of the 

3rd -whorl there are 5 septa. 
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0ccurre7ice : Horizon, Middle Kirtliar (A), (a) From west ot Laki 

\illage, Sind (common), (b) From Jhand Mahome<l, Sukkur, Sind, 
(e) From Sukkur, Sind (common), (d) From Kubba Shadi Shahid, 
4 miles S. E. of Kliairpur, Sind. 

Nummulitks obtu.sit,s, Sowerby. 

1837 (1840) NwnmvHaria obtiua, Sowerby (68b). 

184.S. NummidilM aturieiu, Joly aud Leymeiio (36). 

1863. Nummtdina obtusa, Sow., Carter (Oa). 

1853. Nummidilei Mwa, 8uw., D’Arehiac and Hnime (2g). 

1801. Nummvlitfa obtusa, How., Carter (10c). 

1911. Nunmviiks perfortUus, U. do Mont., UousBac. Form B. cum syn. (7e), 

1916. Numtmdiles obtusus, How., DainelH (16b). 

Plate II, fig. 10. PI. Ill, figs. 1-2. 

Indian icpresentativcs o( this species have been well described 
and figured by Carter, D’Archiac and Haime. Sowerby’s type from 
Cutoh is preserved in the British Museum (Natural History) and 
D'Archiac’s specimens in the Mus^c de Pal4ontologie, Paris. I 
have only obtained one specimen of this species trom Cutch, where 
it is rare, but have tound it abundantly in parts of Sind and Baluchi- 
stan, its stratigraphical range dktending from the base of the Lower 
to the upper part of the Middle Kirthar. The type of the 
Indian species is very globose with many close-set whorls, this form 
being common. Much flatter lenticular forms are also found, 
similar to varieties in Europe. For the typical globose variety the 
diameter varies trom 16 to 20 mm., and the thickness from 6 to 11 
nun. In the case of the lenticular varieties, which are found in 
diflerent localitiw (c,b and g) from those in which the globose are found 
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(a, d,o and f), the diameter varies from 12 to 19 mm., and the Jihick- 
ness from 4 to 7 mm. In the more globose forms the border is 
rounded and in the flatter forms keeled. The mcandriform structure 
of the septal fllumeiits is fairly constant, the number and size of the 
columns being variable. In all cases where a lateral section is obtained 
a short distance above the median cliamber layer, it was observed 
that in the earli<>r stages of growth columns are always present, 
whereas in some cases in the more adult stages the columns are 
only poorly develo|)od (compare Plate III, figs. 1 and 2 ; in figure 1 
the columns reach their maximum development as regards size and 
number). 

'Hie nomenclature of this sjiecies has been in a state df consi- 
derable confusion. The form was at first called N. perforatus by 
D’Archiac and llaime as well as by do la TIarpe, and later by 
other writers N. crassus and N. aturicus. Of recent years the name 
N. perforalus has been employed for the megalospheric and N. 
obtiLius for the microspheric form. 

I have examined specimens of this species from the following 
localities : —From the upper part of the Middle Kirthar : (a) west of 
Laki village, Sind ; (h) in the range B. E. of Damach, Thana Bula 
Khan taluqa, Karachi district, Sind (from the first 100 feet of beds 
below the contact with the Nari series). From the lower part of the 
Middle Kirthar ; (c) Kalu Kushtak Nala, due north of Lakhe-ka-kot, 
Bngti Hdls, Baluchistan. (1600 feet below the contact with the Nari 
series) ; (d) Mardan Nala, Mula River, Kalat State, Baluchistan ; 
(e) west and northeast of Pabuni Chauki. on the flank of the Pab 
Range, Las Bela State, Baluchistan; (/) 1 | miles north of Wagha- 
padar (Waggerpudder), Cutch. From the base of the Lower Kirthar ; 
( 9 ) Sham plain, Bugti Hills, Baluchistan. 

Nummulites pebforatus, (de Montfort). 

1808. Effton ptrjbratvs, (de Hontfort). (48). 

1863. Nummtdites IvMuana, Defir., 7>*Archiao and Haime (2h;. 

1911. Nvmmulitts perjoraiut, de Mont., Boueoao. Form A. (7f). 

1015. Nummulika perfarattu, do Mont., Deinelll. 

Plate II, fig. 9. 

This species is the megalospheric form of N. obtusttp. It is 
rare in India, the only (specimens of this species that I have been able 
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to examine being four from the shales of the Middle Kiithai (B), 
N. E. of Fabuni Chauki, Las Bela State, Baluchistan, where they 
occur associated with N. obtusus, which is abundant. The diameter 
of those specimens varies troni 5‘6 to 3-2 mm., and the thicliness 
from 3*7 to 1’9 mm. In a radius of mm. there arc 5 whorls. Ihe 
structure of the septal filaments is well shown in the figured speci- 
men, and is typical of the species as found in Europe. 


(Ill) Nummulites with meandriform septal filaments with columns. 


Nummulitrs CARTER!, L’Arcliiac and Haimo. 

1853. Nummvlina sp. Carter. (9b). 

1853. Ntimmtditea carUri, A. and W (21). 

1861. NummvUtea carteri^ A. and 11., Carter (lOd). 

1006. Nummvliiea carteri, A. and J)ouvi116. B (25a). 

Plate III, figs. 4-5. Plate IV, fig. ]. 

This large nummulite has been well de.scribed by Carter, and 
D’Archiac and Haime in naming the species referred to Carter’s 
original figures. The average diameter of the few specimens I have 
examined is 35 mm. and the thickness 3 to 4 mm. The structure 
of the septal filaments (see Plate III, fig. 4) shows that the species is 
related to N. gizehensis, but in the former the columns are distin- 
guished by being more elongate and larger, and on the surface by 
forming granules. The whorls of the median chamber layer of 
specimens from Sind (Plate III, fig. 5) are more regular than shown 
in forms ascribed by B. Doavill4 lo this species from Madagascar. 
The only locality from which I have specimens of this species is 
from the upper part of the Middle Kirthar of Sukkur, Sind. I have 
not found the megaJospherio form. 


Nummulites oizehensis, (Forks). 

1775. Navtitm T gtzenais, (Forlnal.) (29). 

1863. NummyiUes gizehen 8 % 0 f Ehrenb.» B^Arcliiac and Haime (2 1 ). 

1863. NwnmvUtu A. and H. (2j). 

1863. Nummulites eatUaudi, A. and H. (2k). 

1911. NunrnvlUea gizehensm, (Forks.), Bonssac. Form B. cumsyn. (7jr). 
1916. NummulUes ginAensis, {Foihi.)^ Painelli (I6d). 
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• Plate HI, figs. 3. 6 and 7. 

Th<* Indian forms of this species that I have examined have an 
av»*rage diameter of 15) mm., the maximum diameter observed being 
2H mm. The average thickness varies from 3’5 to 4 mm., the maxi- 
mum tliickness observed being 4-5 mm. The synonymy of this 
very variable species has been given by Boussac. As regards the 
structure of the se])tal hlaments Dainclli and Boussac have illustrated 
clearly that of sp(HMmens from Euro])e, and the filaments of forms 
from India resemble these closely. Jn an equatorial section (PI. 
Ill, fig. 7) there are 15 to 17 whorls in a radius of 10 mm. The septa 
are slender and cuived, the whorl lamina' thick, and the w'idth of 
the whorls practically ihe same ihtoughouf, after a very.rapid growth 
in the first few whorls. I have not found the megalospheric form Of 
this specir'S. The only locality fr«)ni which 1 have specimens ot 
N, gizehettsis is the up]»er ]iart of the Middle, Kirthar ot 8ukkur, 
Sind, where the species is fairly common. 


NirMMUMTKS M,wur,AT0P, sp. nov. 

Plate IV, figs. 2-6. 

This B])ccie8 of microspheric numnudite resembles Nummvlitcs 
fizehensis. It has a similar thin lenticular shape and numerous 
iiarrow whorls. Also the septal filaments are meandritonn with 
columns which in this species are larger and more circular than in 
N. gischetms (compare Plate, fig. 6). I have not obtained specimens 
of tlio megalospheric form. 

Diameter of test from 32-8 to 16-0 mm., thickness from 6*7 to 
2‘y inm., average ratio ot diameter to thickness 5’8 to 1. The shell, 
which c.vternally is nearly smooth, is rarely flat, being often curved 
near tlie o«lge, so that it is nearly impossible to obtain a complete 
thin equatorial section of the chamber layer. Border sharp, thickness 
varying little from the centre to near the pojriphery. Septal fila- 
ments very meandriform (fig. 3), about 60fi in thickness, iq^ced 
.^irly regularly at a distance of 100 to 250|ji. Coljumns are situated 
on the filaments and occasionally between them. At right angles 
to the septal filaments tine transverse hair-like growths are sometimes 
found, which are only visible under high magnification as ip 
figure 6, "* 
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In equatorial section (fig. 2) there are 26 whorls in a radius oi 
1-2 mm. The width of the whorls varies little from the centre 
towards the periphery, the septa being numerous and spaced about 
2 to '3 mm. apart. Septa straight to slightly curved. Chambers 
rhombuidal in shape, their outer border arched and the width 
usually greater than the length. Whorl laminae thick, in parts thicker 
than the width of the chambers. In an axial section (fig. 6) it may 
he observed that the exterior portion of each whorl lamina has a 
wide area of finely jicrforate shell substance, very different from 
that of N. gizehensis, as shown by D’Archiac and Hairao (2in.). 

I have only found this species in Cutch State, the localiti(>s where 
it occurs being : — ^Horizon, Middle Kirthar, (B). (a) Upper part of 
Nuramulitic Limestone, about 1 mile northeast of Ber Nana, Cutch 
(common), (b) From 2 miles north of Lakhmirani, Cutch. 

Genus, Assilina. D’Orbigny. 

Assilina cancellata, sp. nov. 

Plate V, figs. 1-3. 

Test flat, lenticular, with a sharp border and thickness nearly 
uniform from the centre to near the periphery. Average diameter 
35 mm., the maximum observed diameter 50 mm. Thickness varies 
from 3 to 4 mm. The exterior surface in well preserved S])ccimens 
IS smooth and devoid of structure. In certain cases the outer smooth 
•'*hell lamina has been removed by weathering or, if not, it can bo 
removed artificially with dilute hydrochloric acid so as to lay bare 
the structure of the septal filaments (as in fig. 1). Their stiucturo 
is however made most clear by cutting a thin lateral section (sec 
fig. 4), the lamina ot sh^ll substance on cither flank of the median 
<‘hainber layer being about 1 mm. in thickness. The septal filaments 
consist of radiate ridges corresponding with the septa of the median 
chamber layer and ridges running along the upper surface ol the 
whorl lamiute. The septal filaments resemble the ridges found 
on the exterior surface of Assilina exponens, from which species 
A. cancdlata is readily distinguished by always having a smooth 
exterior, by being much larger and flatter and by possessing many 
more whorls. 

In an equatorial section of the median chamber layer (fig. 2) 
it is observed that the form is microspheric. In a radius of 10 mm. 
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there are 18 whorls, in a radius of 19 mm. 27 whorls ; these inorease 
gradually in width from the centre to the outer margin. The septa 
are slender and nearly straight, set at right angles to the whorl 
lamina). The width of the chambers is greater than their length, 
the ratio of width to length increasing from the centre to the exterior 
of the shell. 

Occurrence : Horizon, Middle Kirthar (A), (a) From Bohri, Sind 
(common). (6) From Kot Dcji, Sind, (c) From Jhand Mahomed, 
Sukicur, Sind, (d) Specimens in the British Museum (Natural 
History) labelled “ N. complanatus, Lam, Alore Hills, Upper Sind, 
No. P. 22439.” 


Assilina subcancellata, sp. nov. 

Plato V, fig. 4. 

This species is the iii(igalus])heTic form of A. cancellata, and 
occurs associated with it at llohri. Rind, where it is common. The 
diameter of the test, which externally is smooth, varies from 7 to 
9 mm., and the average thickness is 2*5 mm. The structure of the 
septal filaments is the sattie as in A. cancelluta. In an equatorial 
section (fig. 3) there are 5 to (> whorls in a radius of 3*5 mm., and the 
diameter of the megalosphere attains 1 mm. 

A.SSIUNA EXPONKN.S, (Sow). 

1837. (1840) ffuinmutaria exponent, (Sow.) pars. (69 a) Form B. 

1863. ^ssiltnas]).. Carter (Oc). 

1863. NummulUet evponens, (Sow.), B’Arrhiac and Haime (2n). 

1801. AtsiUna exponeiu, (Sow.), ('arter, (IQe) and varieties a and b. 

1803. Assilina exponetia, (Sow.), Sohafhautl. (63b). 

1008. Assilina exjioniiu, (Sow.), Ifeim (34a). 

1016. Assilina exjwnens, (Sow.), Dainelli (16o). ^ 

Plate V, figs. 5-6. Plate VI, fig. 1. 

In my recent pa})cr on the Foraminifera of the Laki series (48s) 
I have given account of the dimensions, internal structure and otha 
principal characteristics of A. exponene, and have ^own how in 
India this species can be distinguished from A. granulosa, D'Archiac. 
The stratigraphical range of A. granulosa is restricted to the Laki 
series, and A. exponens ranges from the upper part of the Qhasij 
Shales (of the Laki series) to the top of the lower part of the Middle 
Kirthar. 
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The figured apecimens (PI. V, fig. 6, Plate VI, fig. 1) are from 
Catch, from which State Sowerby described the type of the species. 
'L'Jie exterior ornamentation is somewhat variable, the specimens 
from Cutch having the septa and whorl walls protruding on the 
surface. Others from Baluchistan (as in Plate V, fig. 6) have small 
^'raiiules along the lines where the septa and whorl walls come to 
the surface. Nearly smooth, small, globose forms, with an average 
liiaiuctcr of about 10 mm. and thickness of 3 to 3'6 mm., are found 
in localities b and f. In an equatorial section of the shell (Plate 
\ I, fig. 1) the regular growth of the spire and the straightpess of the 

arc characteristic of the species. 

Occurrence. — Horizon, Middle Kirthar (B) ; (a) 1 mile south of 
Waghapadar (Waggerpudder), and 3 miles southeast of Sehe, 
U'e>itcrn Cutch ; (b) Mardan Nala, Mula' River, Kalat State, Balu- 
chistan ; (c) northeast and west of Pabuni Chauki, Las Bela State, 
llaliichistan (abundant) ; (d) Pab ''Range, west of Shah Bilawal (Bilal) 
has Bela State. Baluchistan ; (e) Taghoa, Loralai district, Baluchistan. 
Kiom the upper part of the Ghazij Shale.s, COO feet above the 
Ifuuglian Limestone ; (f) Sham plain, Bugti Hills, Baluchistan. 

Assilina mamti-lata, (D’Arch). 

1837. (1840) Nummvlaria expotunt, Sow. pars. (696). Form A. 

1847. Nummvlina tnamillala, D’Arch. ^(1). 

1863. NummulUea mamillata, (D’Arch.), D’Archiao, and Uaime (2o)> 

1861. Auilina obeaa. Carter (lOf). 

1908. Aaailina mamiUatOt (D’Arch.), Heim (34b). 

1915. AMilina tnamiUata, (D’Arch.), Dainolli (16f). 

Plato VI, fig. 4. 

The specific name A. mamillata is universally applied to the 
iU(‘galospheric form of A. exponens with which it is always found 
associated. I have described the more important characteristics 
of the Indian representatives of the species in my recent paper on 
the Foraminifera of the Laki series (48a). A. obesa, Carter, is 
byuonymous with this species. 

Assiuna spira, De Roissy. 

1805. Aaailina apira, do Boiasy (62). 

1863. Aaailina irregntaria. Carter (9i). 

1863. Aaailina apira, de Boiaoy, D’Arohiac and Haims (2p). 

1911. AaaiUna apira, de Boiasy, Bouasao, pan. Form B. (7h) cam ayn. 

1915. Aaailina apira, ds Boiasy, DaineDi (15g). 
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Plate VI, figs. 8-9. 

Carter described this species as A. irregtdaris from Sind, and 
Messrs. D’Archiac and Ilaimo have recorded it from Sind, Subathu 
(Punjab), and Sylhet (Assam), but it is uncertain if any of the latters’ 
figures refer to specimens from India. This well defined and easily 
recognized s])ccies is abundant in the upper part of the Middle 
Kirthar of the hills south of Rohri, Sind. The average diameter of 
the shell is 20 to 25 mm., the maximum diameter observed being 
50 mm. The average thickness is 3 mm. Externally the whorl 
walls and septa usually protrude, but smooth forms with no orna- 
mentation are also found. Internally there are ten whorls in a 
radius of 11 mm. 1 have not observed the megalosphexic form of 
this species. 

AsSILTNA PAPILLATA, Sp. nOV. 

Plato VI, figs. 6-7. ' 

Tost nearly flat, lenticular, with rounded border. Average dia- 
meter 17 mm., maximum diameter observed 19 mm. Average thick- 
ness 2 mm., maximum thickness observed 2-4 mm., the thickness 
being practically the same at the centre aS at the periphery. Average 
ratio of diameter to thickjioss 8 to 1. 

E.\terual ornamentation characteristic and quite distinct from 
that of related species. In young specimens and in the centre of 
adults there are largo and smooth granules where the septa come to 
the surtace. In tho outer portion whorl laminee are cither slightly 
sunk or protruding, each septa fonuing a well marked ridge on the 
HurfaiH. Between the septal ridges are small granules arranged 
irregularly. Internally tho primordial chamber is microspheric. In 
a radius of 7 mm. there are from 9 to 10 whorls. Septa slender, 
slightly curved near the exterior border. The width of tho whorls 
increases gradually and somewhat irregularly. 

In one quadrant of the 3rd whorl there are 4—6 septa. 
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Occurrence. — Horizon, Middle Eiithar (A.) : (a) Sukkur, Smd; (6) 
Eubba Shsdi Shahid, 4 miles southeast of Ehairpur, Sind (fairly 
common) ; (c) Eort Deji, Sind ; (d) Bange southeast of Damach, 
Thana Bula Ehan tduqa, Earaohi district, Sind (common) ; (e) 
west of Laki vdlage, Sind. 


Assilina subpapillata, sp. nov. 

Plate VI, figs. 2-3. 

This species is the megalospheric form of A.papillata described 
above, and is always found associated with it. The diameter of the 
shell varies from 5 to 6 mm. and the average thickness is 2 mm. 
Exteriorly the granules near the centre are very strong, the central 
part of the shell being usually depressed. In the outer whorl the 
septa form ridges on the siirface with granules between as in A. 
papillata. In an equatorial section it is seen that the diameter of 
the megalosphere is about -3 mm. In a radius of 3 mm. there are 
6 whorls, which increase gradually in width from the centre to the 
periphery. The septa are slightly curved, in one quadrant of the 
second whorl there being 4 septa, in one quadrant of the 3rd whorl 
6-6 septa. 


Oenus, QBBITOIDES. D Orbigny. 

'SubgenuB, Discocyclina, Gfimbel. 

Di.scocycUNA DISPANSA, (Sowerby). 

1837. (1840). Lycofkyrit dispanaus, Sowerby (68c). 

1863. uon LycojAytU diapaiuua, Sowerby, Carter (Oe). 

1801. T Orbitoidu dUpanaa, (Sow.), Carter (lOg). 

1868 to 1888. non Orbitoidea diapanaa, (Sow.), GUmbol, Hantkeu, Brady, 
Friteoh, Martin, Jennings. For references see Sherbom (64), 

1806. non Orbiloidaa diapanaa, (Sow.), Verbeek and Fennema cum syn. (62s). 
1897. OrbUoidea diapanaa, (Sow.), Medlicot and Blanfoid (44). 

1900. non Orbitoidea diapanaa, (Sow.), Martin (42). 

1900. non Orbiloidii {Diaeoeyeitina) diapanaa (Sow.), Jones and Chapman (36) 
1003. non Orfkophragmina diapanaa, (Sow.), Sohlnmberger (66). 

1012. non Ortkopbragmina diapanaa, (Sow.), Donvill^ (19c). 

1016. non Orthopkragmina diapanaa, (Sow.)^ Martin (43.) 

1917. non Orikopbiragm^ diapanaa, (Sow.), Cheechia-Rispoli (12) com syn. 
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Plate VII, figs. 1, 2, 3 and 5. 

Sowerby originally described this species from Baboa Hill and 
Waghapadar (Waggerpadder) in Catch as follows Lenticular, thick, 
with very thin, expanded, sharp*edged margin ; grains on the surface 
largest in the centre ot the disk. Diameter | an inch Two important 
characteristics of the species are made clear by Sowerby’s descrip- 
tion and figures. One is that the columns of shell matter, where 
they protrude on the surface, form granules which are of larger dia- 
meter at the centre than near the periphery of the shell. The second 
is shown in his figure (Plate XXIV, fig. ] , a) illustrating that in an 
axial section the columns arc seen to increase considerably in diameter 
from the centre to the periphery. These features above, are suffi- 
cient to distinguish this species from D. javana var. indica, deBcribed 
below. 

Owing to Sowerby’s descrii)tion not being sufficiently detailed 
much contusion has arisen around the nomenclature of the species, 
and many forms have been incorrectly referred to it. The above 
list includes the more important references to D. dispansa from India 
and the islands of the East indies. All the forms referred to D. 
dispansa in Europe appear to have been incorrectly placed in this 
species. 

[ have been unable to find the type specimens of D. dispansa 
in the British Museum (Natural History), but have collected speci- 
mens myself from one of the type localities, namely Waghapadar 
in Cutch, where D. dispansa occurs in Ihe same beds as D. javana, 
var. indica, and D. sowerbyi, which are described below. The follow- 
ing is a more complete description ot flie morjihology of tibe shell 
of D. dispansa. 

Description . — Test rounded, globula^^ to fairly flat, lenticular, 
with a wide raised mamelon. Border sharp. Average diameter 

8 mm., maximum diameter 10*5 mm. Average thickness 3*5 mm. 
Exterior granules, the terminations ot the vertical columns of shell 
matter large, irregular in shape and greatest in sire at the centre 
of the shell. A thin lateral section a short distance below the upper 
surface exhibits well the structure of the columns (iig. 3). It noay 
be seen that some ot the columns are circular and others elongate- 
ovoid to C-shaped, their width (at right angles to the radius) is from 
•15 to *26 mm., their length (parallel to the radius) varies from *2 
to *4 mm. Surrounding each column there is a rosette of i^sually 

9 to 12 septa. ^ * 
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In an axial section (fig. 5) it may be seen that the median chambei 
layer is only about *075 mm. in thickness. The columns ot shell 
substance, where they start from the flanks of the median chamber 
layer, are Jiairow, and towards the periphery increase considerably 
in diameter. Occasionally near the outer margin they appear to 
bifurcate, this being due to their irregular shape, as is seen in hori- 
zontal section. An equatorial section of the median chamber layer 
IS known to be of little value in the specific determination of the 
species ot the genus Discocydina. The forms of this species that 
J have examined were microspheric, the arrangement of the annular 
whorls of cells being indistinguishable from that found in D. javana, 
var. indica described below. There are about 60 whorls in a radius 
of .3 mm. 

Previous Reference to the Species in India. — In 1853 Carter referred 
to D. dispansa a foraminifer, which has been classified in another 
genus Spirodypeus (see Doq.vill4 44). In 1861 Carter gave an ex- 
cellent description of the internal structure of a species of the genus 
Discocydina, but omitted certain important details from his figures^ 
an omission which renders it uncertain if he were describing D. 
dispansa. For example, in his diagram (Plate XVI, fig. lo) show- 
ing a lateral section of the columnar structure, the columns are much 
more regular than is typical of the species (compare fig. 3). Also 
in his diagram (fig. 1 b) the columns in vertical section are much 
narrower than is found in D. dispansa (compare fig. 5). Except 
for the figures of the species of Blanford and Medlicot all the speci- 
mens referred to in the list above are more closely related to D. java»» 
than to 2 ). dispansa. 

Occurrence. — Horizon, Middle Kirthar (B) of the following loca- 
lities : (a) 1 mile south ot Waghapadar '(Waggerpudder) Cutch (com- 
mon); (h) 2 miles Southwest ot Godhath&d (Gothahad), Cutch ; (c) 2 
miles west of Lakhmirani, Cutch. From the Middle Kirthar (B), about 
2,500 feet above the contact ot the Lower Kiithar with the Ghazij 
Shales, abundant in a thin limestone band : (d) Northeast of Drug, 
Loralai district, Baluchistan ; (e) Taghoa, Loralai district, Baluchistan 

Disoocycuna javana, (Verbeek), var. indica, nov. 

1870. OrUMdes dispansa, Sowerby, OiimbeL pan. (31a). 

1882. Var. of OrbUoides pappraesa, Bonbda var. jasana, Verbeek (61). 

1880. OrM9UMjw|i|pra«M,Bonb6evar./ii«aiui,Verbeek,Verbeekaiid Ibnnemat 
(68b). 

1812. Var. of Orikopdraesssm pssama, (Verbeek), DonriUO (18d). 
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Plate VII, figs. 4, 6, and 7. Plate VIII, fig. 4. 

The Indian variety differs from D. javana by being smaller and 
proportionately more globose. The average diameter of the Javan 
forms is from 20 to 30 mm., and that of the Indian forms 11 mm., 
the maximum diameter observed being 13-1 mm. The Indian variety 
is globose, lenticular, with a sharp border. The thickness of the 
Javan types is from 6 to 3 mm., and that of the Indian forms from 
4*7 to 3-4 mm., the average thickness being 4 mm. The Indian variety 
of this species from Sind has been incorrectly described as D. dis- 
pansa by Giimhel. In his figures 40 and 41 he illustrates young 
forms, and in figures 44 and 45 shows the cells of the median chamler 
layer. His figures 46 and 47 show the structure of the columns 
in the lateral (‘hamber layer, and these are clearly different from- 
those of D. dispatisa described above. 

A lateral section (Plate VIll, fig. 4) of the columnar chamber layer 
a short distance below the upper surface shows that the diameter 
of the columns varies from •! to '13 mm. The columns are sub- 
circular in cross section and the distance from the ceuvre of one 
column to another is from *18 to *23 mm., each column being sur- 
rounded by 5 to 6 septa. 

In axial section (Plate VII. fig. 7) the columns of shell substance 
vary little in diameter from the centre to the upper and lower lateral 
surfaces. Median chamber layer narrow, as in D. dispansa. In 
equatorial section of the median chamber layer (Plate VII, fig. 4) 
the specimens examined were microspheric. Annular whorls of 
cells numerous, near the centre 40 in a radius of 2 mm. Cells tw'o 
or three times as long as wide, there being about 25 cells in 1 mm. 
of circumference at about 2 mm. from the centre of the shell. 
Average length of the cells -06 mm. and width *03 mm. 

Occurrence . — I have examined specimens of this species which is 
common in the Middle Kirthar (B) : (a) 1 mile south of Waghapadar 
(Waggerp udder), 3 miles southwest of Sehe, 2 miles west of Lakhimirani, 
miles east of Jhadwan. Western Cutch. From about 2,600 feet 
above the contact of the Lower Kirthar with the Ghasij Shales ; (6) 
east of Garmaf hot spring, Buzdar tribal tract, Dera Ghazi Khan 
district, S. W. Punjab ; (c) from Taghoa, Loralai district, Baluchistan ; 
(d) from Kalu Ku^tak Nala, 5 mUes northwest of Dera Bugti, Bugti 
Hills, Baluchistan. From the shales ot the Middle Kirthar ; (e) northeast 
and we^t of Pabuni Ghauki, Pab Bai^e, Las Bela State, Baluchistan ; 
(/) Madras Nala, Mula Biver, Kalat Slate, Baluchistan. ^ 
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Discocyclina sowbrbyi, nom. nov. 

1820. noa Lenticidites ephippium, Schlotheim (55). 

1837. (1840) Lycophria ephippium, Sowerby (58d). 

1853. Lycophria eplfiippium, Sowerby, Carter (9f). 

1870. iLOii Orbitoides ephippium, Schloih. Cumbel (31b). 

1870. r Orbitoides ephippium, (»S<»w’.)» Zittcl (08). 

1922, non Discocyclina ephippium, (8chloth.), Duuvillu (24a). 

Plate VllI, figs. 1, 2 and 3. 

Soworby’s original description of this species is us follows 
“ Orbicular, dejiressed, curved so as to resemble a saddle, with gently 
elevate umbo on each side ; margin thick, obtuse, with a imrrow 
waved keel in the middle; grains on the surface small and equaL 
Oiaineter inches, thickness 3 lines.” Writing ol Lyerrphria 

ephippium and L. dispansa he also states that ” these two lossits 
iiiay possibly be different stt^es of growth of the same species.” 

Regarding the shape of the test in adult forms it is saddle-shaped 
as in the type specimen of Sowerby’s figure 15, preserved 
in the British Museum (Natural History). The young forms are 
however very variable in shape, some being flat to wavy, subcircular 
discs, with a thickness of about 4 mm. The largest saddle-shaped 
form that 1 have examined is 33 mm. in diameter and 7 mm. in thick- 
ness. The thickness is nearly uniform at all points of the test 
except at a slightly inflated area by the central umbo. 

Thu structure of the columns of shell substance is quite distinct 
from that of D. dispansa, described above, but is similar to that of 
D. javanck var. indica. The columns are subcircular in cross-section 
from *1 to *15 mm. in diameter, the distance frgin centre to centre 
of neighbouring columns being *2 to *3 mm. Surrounding each 
column is a rosette of 5 to 7 septa (see figs. 2 and 3). The columns 
differ from those of D, ephippium, Schloth., which, according to 
DouvilU, attain *1 mm. in diameter and arc surrounded by 11 to 18 
petals. 

In axial section (fig. 1) it is scon that the median chamber layer 
is narrow and increases in height from the centre to the periphery, 
where it has a maximum height of *1 mm. Walls of the annnlax 
chambers arched exteriorly. Columns of shell substance in the 
lateral laminm nearly uniform in thicknes^ from the centre to the 
outer surface of the shell. Owing to the irregular shape of the test 
it is not possible to obtain a complete equatorial section of the median 
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ciiainbctr layer. All the specimens of which sections were obtained 
were tuierospherio : the chambers were longer than wide, the width 
varying from -05 to -1 inin. and the average length being *1 mm. 

OiTur relief.- -I have exanjined specimens of D. sotoerbyi from the 
Middle Kirthar (B) ol the following localities otoe. — (a) miles 

north of l^aghapadiir (Waggt^rpudder), 2 miles southwest of Godhathad 
(Gothahad), 1^ miles east of Jahdwan, and 2 miles west of Lahhimirani, 
Western (hitch ; (h) Taghoa, Loralai district, Baluchistan. From about 
2,d()0 l(!et above tile contact of the Ijower Kirthar with the Ghazij 
Shales; (c) oast of Drug, Loralai district, Baluchistan. IVom the 
same stratigraphical horizon as c ; (d) East of Garmaf, Buzdar tribal 
tract, Dera (Jhazi Khan district, S. W. Punjab. From, the shales 
of the Middle Kirtiiar ; (c) Mardan Nala, Mula Biver, Kalat State; 
Baluchistan. From the Middle Kirthar (A); (/) Kot Deji, Sind; (g) 
West of Laki village, Sind. 

DrSOOCYCLlNA UNDULATA, sp. nOV. 

Plato Vll, figs. 8, 9. Plate VllI, fig. 5. 

Shidl fl.it. lenticular, with a sharji border and a prominent central 
inaiuelon. Surface uniformly granular, granules on the marginal 
Hat portion of the shell sometimes arranged concentrically, their 
size not varying from the centre to the porijihery. Diameter of 
tost varies from 8 to II mm., thickness from 2’0 to 2*5 mm. 

In a iatorial section a short distance below the upper surface 
(lig. 9) till' diameter of the columns of shell substance varies from 
70 to JOOjx, the average being 87|i. The distance from centre to 
centre of neighbouring columu.s is 270 to IGOp, the average distance 
being 21 Op. Each column is surrounded by 6 to 7 septa, which 
are gently and irregularly curved in their course from column to 
cjinmn. I), undulata belongs to the group of D. archiact, Schlum' 
bnrger (see DouyilKi, 216) and is readily distinguished from any 
of the related forms by the above characteristic wavy arrangement 
of the seiita surrounding the columns. 

In a.xial section (fig. 5) the height of the median chamber layer is 
from -10 to 50p, and the megalospberic primordial chamber elongate* 
oval in cross-section, the average length 600p, and height 260|*. 
In eiuatorial sections all the sjiecimens examined were megalo* 
spheric, the primordial Camber being subcircular to oval wif£ a 
diauiutur of 770 to 440p. Beginning from the border of t^e pxi* 
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juordial cliamber in a radius of 1 mm. there are about 14 whorls of 
colls, each about *04 mm. in width. 

Occurrence : — This species is abundant in the Middle Kirthar (B), 
east of Garmaf, Buzdar tribal tract, Dora Ghazi Khan district, S. W. 
Punjab, being found in bods about 2,600 feet above the contact of 
the Lower Kirthar with the Ghuzij Shales. At this lochlity there are 
some thin limestones entirely made u]) of this fossil, which 1 have 
not found elsewhere. 

Subgeuus, Actinocyolina, Gfimbel. 

Aotinocyclina alticostata, op. nov. 

I’lato Vlll, figs. 6, 7 and 8. 

.Shell circular with a central mamelon, surrounded by 8 to 12 
ftiirly wide prominent rays. Diam<‘teT of the test varies from 8 
to 1.5 mm. There are 8 or P rays starting from the centre, and at a 
distance of about 3 lum. from the centre other rays appear, which 
are only seen fully developed in adult individuals. The surface is 
covered with fine granules. 

In an equatorial section (Hg. G) of a mogalospheric individual the 
arrangement of the first chambers is as in that of Orlhophragmina 
ivdiuHS, D’Archiac as figured by Schlumbergor (67«)* The maxi- 
ma in diameter of tiic first cliamber is 260(1, aiid that of the partially 
circumambient chamber ■100(1. The rectangular chambers become 
narrower and more elongate from the centre to the i»eriphery of the 
shell, their length varying from 70 to 90(i, and their width from 
20 to 40(1. In the lateral lamiuee of shell substance the diameter 
of the columns is not over lOO/i, and each is surrounded by 4 to 6 
petals. 

This species belongs to the group of A. radians, D’Archiac (sec 
DoaviU4. H. 24c). It is related to A. lucifera, Kaufmann (37), 
which has 10 to 16 narrow rays on the surface and a diameter of 6 
to 6 mm. It closely resembles Orlhophragmina sp. of Scblumberger 
(076), which specimen is incomplete. The nearest related species 
that has been described is Orlhophragmina oolcanapi, Douvi]14, 
ft. (266), from which A. altieostala may be distinguished by its 
smaller diameter and by having fewer rays which do not bifurcate. 
This fossil is rale in India, and I have only obtained 12 specimens 
from the Aliddle Kirthar (B), 2 miles west of Lakhimiiani and 1 
miles east of Shadwan, Western Catch. 

u i 
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EXPLANATION OP PLATES. 

PLATE L 

Ji^xas. 1 and 2. — ( x3). Nurntnulitei stamineus^ Bp. nov. Kalu Kubhtak Nala, 5 miles 
N. W. of Dora Bugti, Bugti HUIb, Baluchibian. Hulatypc, fig. 2 2 

miles S. W. of Dodiiathad (Gothahad), Cutcli. 

Kio. 3— ( X 5). N. stamineus, sp. noy. Equatorial sootiou ; 1 mile S. of Waghapadar 
(Waggerpuddor), Cutch. 

Eioa. 4, and 6. — (x5). beauinotUi, D*Arch. W. of Dawagar, DcraChazi Khaii 

foothills, 8. W. Punjab. Fig. 6 : — Equatorial seoiion. 

Eios. 6, and 7. — ( X S) N. laevigatus, (Brug.) ; Bohri, Sind. Fig. 6 : — Equatorial 
section. Fig. 7 : — Lateral section. 


PLATE II. 

Figs. 1, 2 and 3 — (x 3). NummuUiea orcuim, Sow. Figs. 1, and 2 2 miles 

8» W. of Godhatbad (GotJiahad), Cutch. Fig. 3 ; — Soworby’s original 
type from f^akhpat (Lukput), Cutch. 

Fig. 4. — (X5). N. acniua. Sow. Lateral section ; same locality as fig. 1. 

Figs. 6,8, 7 and 8. — (X6). N, scober, Lam. Fig. 5 : — Axial seobion ; Kohri, Sind. 

Fig. 6 '.—Lateral section ; W. of I^aki village, Sind. Fig. 7 '.—Lateral 
section ; Kobri, Sind. Fig. 8 : — Equatorial section ; Uobri, Sind. 

Fig. 9. — ( X6). N. perforcUoa, (de Mont.); N. E. of Pabuni Chauki, Las Bela State, 
Baluchistan. 

Fig. 10--(x2). N. obtuaua, How, Mardan Nala, Mula IUyer» Kalat State, Baluchi- 
stan. 


PLATE m. 

Figs. 1 and 2. — ( x 6). NummuliUs ohtuaus^ Sow. Lateral sections. Fig. 1 : — 
Sham plain, Bugti Hills, Baluchistan. Fig. 2 Kalu Kushtak Nala, B 
miles N. W. of Dera BugU, Bugti Hills, Baluchistan. 

Fio. S.--(x2). N. gizehensis, (Forks.) ; Bohri, Sind. 

Figs. 4 and 5,— ( x5). N. carteri, D’Arch. and Haime. Sukkur, Sind. Fig. 4 
Lateral section. Fig. 6 : — Equatorial section. 

Figb. 6 and 7. — ( X6). N, gizehensis, (Forks.) Bohri, Sind. Fig. 6 — Laieral leotion 
Fig. 7 i — ^Equatorial Buxfaoe. 
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PLATE IV. 

Fia. L— (x2). N. carterit D'Aroh. and Haimo. Sukkur, Sind. 

Kia. 2. — (X5). N.maculataaf Bp. nav. Equatorial surface ; 1 mile N. E. of Bor 
Nani, dutch. 

Fig. 3. — ( x2). N. macvlainSf sp: nov. Uolotype. Same locality as fig. 2. 
l^iQ. 4. — (X6). Do. Ijateral section. Same locality. 
l^Q. 6. — (xlO). Do. Axial section. Same locality. 

Fig. 0. — ( x26). Do. Part of lateral section of fig. 4 magnified. 


PLATE V. 

Fjg. 1. — (X2), Assilina canceZ/o/a, sp. nov. llohri, Sind. Holotype. 

Fio. 2. — (x6). Do. Equatorial section; same locality. 

Fjg. 3. — (X6). Do. Lateral section; same loc'alily. 

Fig. 4. — (x6). A. subcancellaUi^ sp. nov. Equatorial section ; same locality. 
j<"iGS. 5 and 0. — ( X3). A. exponenSt (Sow.). Fig : — 6*3 miles S. E. of Sehe, dutch. 
Fig. 6 W. of Pabunidhauki, Las Bela State, Baluchistan. 


PLATE VI. 

¥iq. 1 .-— ( X 6). Assilina exponens^ (Sow.), 1 mile S. ef Waghapadar ( Waggerpudder), 
dutch. Equatorial section. 

ViQS. 2 and 3.-'( x3). A. svbpapUkUa^ sp. nov. Fig. 2 Uolotype. Kubba Sliadi 
Shahid, S.E. of Ehairpur, Sind. Fig. 3 S. E. of Damaeh, Thana Bula 
Khan taluqa, Karachi district, Sind. 

Fig. 4. — (x2). A. mamiUata, (D’Arch.) ; 3 miles S. E. of Sohe, dutch. 

Fig. 6. — ( X3). A. papillata, sp. nov. Ilolotyin^ ; same locality as fig. 3. 

Fig. 6. — (X5). A. papilkUa^ sp. nov. Equatorial Section. Kot Deji, Sind. 

Fig. 7. — (X3). A. papillata, sp. nov. ; same locality as fig. 2. 

Figs. 8 and 9. — ( x2). A. spira, de Koissy. llohri, Sind, 


PLATE VII. 

Figs. 1 and 2.— -(x6). Diacocydina dispansa, (Sow.). Fig. 1 Ncotypo. 1 mile 
S. of Waj^padar (Waggerpudder), dutch. 

Fig. 3. — (x7-6). D. dtspansa^ (Sow.). Lateral Section ; same locality as fig. 1. 

Fio. 4. — (x7*6). D. javana, (Verbe^.) var. indicap nov. Lateral section; same 
locality as fig. L 

Fig. 5. — (X7'5). D. dispansal (Sow.). Axial section ; same locality as fig. 2. 

Fig. 6. — ( x6). D. javanap (Verbeek.) var. indicap nov. ; same locality as fig. 1. 

Fio. 7. — (x7*5). Do. Axial section ; same locality as fig. 1. 

Fig. 8.— (x6). D. unduJatap sp. nov. Holotype. E. of Garmaf, Dera Ghazi Khan 
district, S. W. Punjab. 

Fio. 9»— ( x20). Do. Lateral section s same locality as fig. 8. 
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PLATE VIIL 

Fia. 1.— ( X 10)* I>i9eocydina wwerhyu nom. nov. Axial sectioa 9 2 miles S. W. (rf 
(lodhatliad (Gothahad), Cutch. 

Fia, 2, — ( X 10). Do, Viow of portion of the exterior. 

Fio. 3. — ( X 10). Do. I/iteiaJ section. 

li^o. 4.— •( x20). D. yavam (Verbeek.) var. indiea^ nov. Equatorial seoticm. Same 
locality as PI. VII, fig. 1. 

Fio. 5.— (x7*5). D, urtdiilata} sp. nov. Axial section ; same locality as PL VII| 
fig. 8. 

Fig. 6.— (xll). ActinocycUm aUicostata, up. nov. Equatorial seotion ; W. of 
I^kliimirani, Cutoh. 

Figs. 7 and 8. — ( x5). A. alticoaiata^ sp. nov. Fig. 8 : — Holotype. Same locality 
as fig. 6. 
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CobalUtA dimatiU itom oit Jai|rariUi 

\8>eiH»ntei). Zuio-oit^ (HmitliioittUd and Witli l»atyt«b m &mtd disttici, 

AiUdra#^ Mud option m lalaud o( Chadalok^ 

•art S fr$n$Jt*^Arietnm bcvibgs m lodlia. Oligodm gJramtft at Wangta od 

jNoi^tb-W«|t HonaJayas. ITish-piatd irom i3iirabkii« J^aictointologioal uvtas Irom 
Uamribagb and Lohardagga diatneis* Fossil carnivora from Siwaitk hills. 

•an ^.'•’UnihcaUcm of geological nomeaclalnxe and cartography. Geology of Jo^aM 
region^ ccjitiul and ea&ierii. Nativ<« antimony obtained at Fulo Obln^ near Singapoie. 
'Xurgito from Juggiapeit, J&iBinah Gistrict, and unde carbonate fiom Karnnl, Aadtaa. 
So<tian fiom GaUioutie to X’angi^ lud iSadi iSouth Rewah Gondwana basin* 

^submerged forest on Boaobay Island. 


VoL. XV, 1882. 

i'art I {ojit 0 / Annual report for 18bX. Goology of North West Kaidunir attd 

Khagan. Uondwana labyxinthodonts (Siwahk and Jarnaa mammals). Geology of 
Ualhousie^ North-West Himalaya. Palm loaves from (tertiaiy) Murree and Kasanh 
btds in India XridoHmine from Noa-Gdung iiver, Upper Assam, and l^latinum from 
(Jiutia Nagpur. On (1) copper mine near ^ongn hill, Darjiling district : (2) arsenical 
];y 2 ites in s«jmo ncigiihouviiot^d : (3) kat>lin at Daijdiiig. Analyses of coal and fiie-olay 
teom Makum coal-helds. Upper A&sam. Experiments on coal of Find Dadun Khan, 
halt lauge, with reference to production of gas, made Apiil 29th, 1881. Xnteniationel 
(JongiesB of Bologna. 

hi‘t ^ (out of prmU.^-Gcology of Travancore Btate. Warkilii beds and reported asso* 
iMtcd (itposits at m Travancoie. Siwahk and Nai'bada fossils, coai-beanng 

locks ot (jpi)or Her and Mand rivers in Western Chutia Nagpur. X^ench river oo^^ 
held m Ohhindwara distnct, Central Proviuccs. Boring for coal at Engsoin, British 
Buixua. Sapphires in Norch-Westoin Himalaya. Eiuptiou of mud volcanoes in 
Cheduba. 

Vart i9. — Coal of Mach (Much) in BoUui Paas, and of Sharigh on Hamai ioato betwcoi 
Sibi and Qaetta. Orysials of stilbite fxom Webteru (yhats, Bombay. Traps of 
Darang and Mandi in North-Western XXimaUyas Connexion between Xlaaara and 
Kashmir scries. Umana coal-field (South Hewah Qondwana basin). Daranggiri 
Coal holds. Gaio ilills, Absam. Coal in Myanoung division. HAUzada district. 

Part i {put of p)tnt).---Gold-iields of Mysore. Borings for coal at Beddadwol, Godavan 
'bnrict, m 1874. Soppobcd rirturreivco of coal on Kistiia, 


Vou XVI, 1883. , , „ . 

/ ntt 2,— Annual report for 1882. Kicbtbufonia. Kays (Anomia liawrenciana, Komnek). 

Geology ot South Uravancore. Geology of Chamba. Basalts of Bombay. , 
f ^ni S (out of priMt).— Synopsis of fossil vertebrate of India. ^ Bijori Labyrmthodoni 
dknll of Hippotfaenum antilopinum. Iron ores, and subsidiary inaterials for maliii* 
fjcture of iron, in north-eastern part of Jabalpur district. Laierite and other manga- 
nese-ore occurring at Gosidpore, Jabalpur district. IT maria ooal-fimd. « 1.1 

/\'Tt d.— -Microscopic structure of some Dalhousie rocks. Lavas of Aden. Probable 
OLt urreiice of Siwalik strata m Oiuna and Japan. Mastodon angustideu in India, 
liai'oise between Almora and Mussooree. Cretaceous coal-measures at Borsora, m 
XCba&ia UiUs, near Laoor, m Wylhet. ^ 1 * , . . 

Pan A (out of pn'nO**^PaiaK>ntological notes from Daltonganj and Hutar cim-fields in 
^/hota Nagpur. Altered basalts of Ualhoiisie region in North-Western Himalayee. 
Microsctmio structure of some Sub-Himalayan rocks of tertiary age. Geology 0 # 
Jauii&ar and Lower Himalayas. Iiaveise through Eastern Khasia, Jaintia^ and 
North Cacliar Hills. Native lead from Maulmadn and chromite from the Andaman 
islands. Fieiy eruption from one of the mnd volcanoes o| Cheduba Island, Arakaa. 
irngaftion. from wells in North-Wsstem Provinces and Oudh. 


VoL. XVII, 1884. 

Part 2,->-«Annna} report for J883. Bmooth'Water anchorages or mnd-hanks of Narrakal 
and All^py on Travancore coast. Billa Snrgam and other caves in Kornool dwtriotk. 
Geology of Chauari and Sihonle parganas of Chamba.. Lyttoniu, WaagSo, in Kuling 
series of Kashmir. 

^^art $ (etif of pimf).H--.E«rthdttakA of 31st Decmnber 1881* Microscc^e straetare of 
some Himalayan grapites and gneissosa granites. Choi coal exploratiOT. Be-dhk 
oovery of fossils in BiwaJik ^ds. Mm^al lesenrces of Andaman Islands in neigh- 
bourhood of Port Blair. Jatortrappeaii beds in jDeeoaa and Laramie group in 
Westem North AmoHcn. 

Port s Umt of stwtnrn of sohie ArvaH mlnu BecHon ahmg Xndni 

fiom Fesbawar ValW^tO be«bag In Baighrh-Bingir ^'held 

(8hit nolfoe). Tiiirgudw miiws of Nisha^ 

I'i' . . 'Pi ‘ ' .“i! 


fitrl of pait of Uauga^tdau p'lrgaau cf liniish Ga^hwoL iUatesi andl adnata 

»jiib<‘.iaea oi gi-ium^bd giAuiU ox iMoitii-Weit liimalayas. Geology of Taktiti-. 
.SiuemiAa amuoth water aiichoiagoj* of liavanco*e coabt. Aunfeious &aadfi| of Ihv 
nvor, l\mduhorry Jigoito, and pJio&pliatic rocka at Muaun, BiUa Surgam 

(ia\ 4..S, 

Voi.. Will, 1885 

J^aU J ^./ ptitU}- Ainiiul rtport lor lbd4. (country botv/eeu Suigarem pe^w field 
ami liver. Oeologival akcUh oi country between Smgareni coai*fieIi axul 

ii)<ui C*>al and UiuoMuiie lu Duigiung river near Gokgbat, Aaaam. liomv 
t.i as liiuHiated iiom indiaii iormatiotu. Alghan lieid notea. 

JU/f ^ - I »> libMO'i >tJio iM liiii ala^a (lailuva) Age or Mniidliall gojies 

I.i \vu ^iv^aiiK ».dnjf*l (CaiiJtlas \ntii|uus riubis ex Fak and MS) 

t<ooiog> oC (di.iiuba. i'tobability ot obtaining water by means ot arteaian wells m 
phnis oi India Ailesian bouiccs in plains of Upper India. Geology of Aka 

ll/Jls. AUegid tendi'Uy ot Axakaii mud vob^anoes to Lm*&t into eruption most 
lioixuciiiiy dunijg laitis Audiysett oi phospkdtm nodales and rock irom Mussooree. 

i^att i [out of loint) Uoolog/ ot Audauian Llands. Ihird tupeeiee ot Merycoputanms 
J’ouuhiicn 1 ..^ ailuctod (urr^iit. tiibhaiia and Clundpur inoteuiites. OikwelU and 
(oal III J k.yetm^o Diatnct, Jkitibh Jiuima. Antimony deposits m Maulmain disiriti 
Kasiuin. uaithixnake of oOlh May Ibdo. Bengal oerthquake oi 34th July 1886. 

l*ati i {iut of itTint) Cl e 'logical wuik m Chhattisgarii division of L'Cntial PiovI/ko^ 
li'iigii o.uiiKiu iku ot kUli July 1885 Kashmir earthquake of 30th May 188$. Fv- 
<a%ritmiia in BiMa Suigatn ij.\cb Nepaulite. tlabclmaliet meteorite. 

VoL. XIX, Itlik). 

f*u}l I Aimuil topoii for 1885 J nteriiationai GoologJcul Congrecs of Berlin. Palaeosojc 
FobMis m Olive group ol t^alt lange. Cox relation of Indian and Austr<almn coal 
bcdiiug bed.s. Atgbiin and Pcrbiaa kield-notea. Section from Simla to Wangtu, and 
potrologiuU clutiactcr of .4ni])hibo]itcs and QuiiU Inoxitos of Sutlej valley. 

ZM// J [out Of ijnnt) Geology i^t liarta of Bollary and Anantapur districts. Uoology of 
Ul»per DGang biMti lu If ilk Mierustopir tharaders ot eruptive rocks tunu 

('’outrul Himalayas. Mainiiuilia of Kariiul Gavoc Pios^'^cis of finding ccal m We.it 
era iieipulana Ohve gioup ot Sdtiango Boulder-beds of Salt-xange. Groadwari 
H'mituavis 

t^art (out of iiTtiit). -Geoh'gicaJ sketch of Yizagapataiu district, Mudtas. Geology of 
North^^ii) Jc'^almcr Micioscopic stiurtuie ot Malaui rocks of Ai*vah region, Maianj 
khmdi iMppti oie in Sdaghat diMrut, 0. P 

Patt i V pntxff Pfiiolojin in India Petioleum exploration at Klutan. Boring lo 
ChlialL'hgiih coaUuld^. Fiddnotts from Afghamslan : No. 3, Turkistan, Fieo 
eruplioL from one of tlie inud volcanoes of Oheduba Island, Arakan. NaxnmiantJial 
•lorolite. Analysis of gold dnst fiom Me/a valley. Upper Buima. 

VoL. XX, 1887. 

f 1. Annual loj'oit for 1886. Field notos fium Afghanistan : No. 4, from TurkUtan 
to Indiii. Physual geology of We.>t Biit»sh Gaihvval; "uth notes on a route traversed 
through Jauiiiar-Bawai and Tiii-Gaihvval. Geology of Garo Hills. Indian im%ge 
i-tnnes. Sountfuig^ recently lukeu oil Bai'icn island and Narcondam. Talcnii 
I f -In d'-\ Aiiiilysis of I’hosphatio Nodules fiom Salt-i 'vnge, Punjab. 

Pott i\- Fossil voitebratn ot (r Ju Echiuoidea of "retaceons senes of Lower Narbada 
Valley. Field-notes : No, 5 to accompany geological sketch map of Afghanistan and 
Nurth-Eastcni Khorassaii, Mi«-i osoopic slructuie of Hajmahal and Deccan traps. 
Dolerite of Ghor. Identity of Olive senes in east with speckled aandstono in west 
of Bait-range in Punjab 

Pait S.- Uotiremonl ol Mr Medlicott. J. B. Mushketoffs Geolo^ of Bussian Tnrhietan. 
Crystalline and metnmorphio rodks of Low^or Himalaya, Oarhwal, and KumaiUi> Sec 
lion J. Geology of KimU and Jutogh. 'Lalitpur ' meteorite. 

Part i (out of prtnZ).— Points in Himalayan geology. Ciystalllne and metamorphic rodis 
of Tk)v\(u HixnaUya, Gatliwal, and Kumaon, Section IT. Iron industry of western 
p^ifiuK of Haiiiui. Notci on tipper Burma. Boring exploration in Ohhattisgarh coak 
field o (Secfmil notice). Pressure Metamorphlsm, with reference to foliation of 
HuTuiIayan Gneissose Gx'anito Papers on Himalayan Geology and Micp'OScopic 
Pctiology. 

Von. XXI. 1888. 

PuH I.— Aimusl repoit for 1887. Ciy&tallino and metamorphic rooks of l^%0r Himalaya. 
Oarhwal, and Kumann, Section III. Birds^nest Of Elephant Island^ Mergui 'AfShi- 
l^ago. Exploiation of Josalmer, with a view to disootei^ of coal, * Eaeelte(i mi^ble 
fiom boulder bed ('speckled sandstone*) of Mount Ofiel lu Salt-range, FQp|Sb. 
Nodnlaz* stones obtaiuea of! Colombo. 



ft $ (out of print),^Awtird of WoUaston Gold Medals Ooological Society of LoQdoii« 
X688. Dh^war System tn South India, igneous rocks ox Raloui oiid Balaghat, 
Ccriiml Provinces Saiigar Marg and Muhowgalo coal heldb^ KiimiiuF. 
f/f 3 {o4t of /ritnel.— Manganese Iton and Manganese Ores of Jabalpui 'The Oorbom 
forous Glacial Period.* i?te-tertiaiy sedimentaiy foruiatiou o£ Simla region of Lowes 
Himalayas. 

rt A (ovt of jpnnt).-— Indian fossil vertebrates Geology of Noi th West Himalayas. 
Blown-sand lock sculptuie, Nuromuhtes in Zauekat. Mica tiaps liom Barakor and 
lianiganj, 

Vot. XXH, 1889. 

irt I (out of prmO<'--Annual lepori for 1888. Dhaiwar System m South India Wa^ra 
Karor diatnonds, and M. Ohaper's alUgod ih&coveiy of diamonds in pegmatite. 
Ueneiic position of so called Plesioaaurub Indicns. Flexible sdodstone or Itacolonlite^ 
its nature^ mode of occurrence m India^ and cati<^e ot its floxibility Siwalik ano 
Narbada Ohelonia. 

A ixrt i ( 0 ui of prinO- — ^Indian Steatite. Distoited pebbles m Siwalik conglomerates 
** Oarboniierous GUcmI Peiiod.*' Note*? on Dr. W. Waageo’s *' Oaibonileroua 
Ulaciai Period.** Oil fields of Twmgomig and Bemo, Burma Gypsum of NehM 
isdiii, Kuniaon. Materials lor pottery in neighbourhood of Jabalpur and Uinaiia. 
i if $ (out of priwf).— Coal outciops in bUaiigh Valley, Bahu hi&tau. ruiobitea in 
Neobolus beds of Salt-range. Goological noie^ Cheira Poonjee cool held, m K.hasia 
UUls Cobaltifeious Matt fiom Nepal Piesideut of Geological Society of I<ondon 
on intoinaiional Geological Congress of 1888. 1 in-mmmg m Mergui district 
, 1)1 i (out of prxnt)>- Land toitoisos of Biwahks Pelvis of a ruminant from SiwaLika 
Vssays flora Sambliai Salt Lake mi JRijjmlam Mingainiouo non and Af<i.nganet>e 
Oies of JaboJpm Palagomte beating ips of Hajmalidl hills and Deccan Tiu« 
smelting in Malay Peninsula Provi&ional Index of Local Distribution oi Important 
Miueiaia, MisctllaneouB Minerals, Gem Stones ano Quarry Stones tu Indian Knipire : 
Pait 1. 

VoL. XXIII, 1890. 

rtrt 1 (out Of print ). — ^Annual report for 1^. Lalradcmg coal holds, Jaintia HiUa. 
Pectoral and pelvic gudlea and skull of Indian Dicyiiodonts Veitebiaie remains 
fiom Na^ur district (waIH description of hshsknll). Orystali no uid metamorpbic 
rocks of Lower Himalayas, (Urhwal and ivumaon, Section IV Bivalves of Olive- 
group, Salt range. Mud-bvnks of Travaticole coastb. 

J 1)1 ^ (out of pnn^. — Petroleum explarations m Hamai district, Baluchistan Sappbirr 
Mine of ICaabmir. Supposed Matrix of Diamond at Wajia Karur, Madras. Sonapm 
Gold-field. Field notes from Sbau Hills (Upper Buima) New spcoies of Syring 
osphmrjdm. 

1 It 3 (out of pnat) -Geology and Economic Resources of Country adjoining Sind Piahm 
llaiiviay between Shangb and Spintangi, ..nd of count ty between it and Khattonu 
Journey thiough India in 1688-o9, by Dr. .fobonnes Waitlicr Coal-tidds of Lair 
ungio, Maobondram, and M'ao bo lar kax, in tho KliosI IF^lls Indian Steatite* Pn>- 
visional Index of Local Distiibution of Iiiipoitant Mineral , Mucellane^ms Mmeiels, 
Gem Stones, and Quairy Stones m Judim Enipue 
f Jit (out of punt ), — Geological sketch of Nami Tal, with remaiks on natuial conditions 

governing mountain slopes. Fossil iiidian and Bonos Daipling betueuu Lisu 
and Baxnthl rivers. Basic Eruptive Rocks of Kadapab Area. Deep Boring at 
Lucknow. Goal Seam of Dote Ravine, Hazara 


Vot. XXIV, 109J. 

^ irt 1 (mt of print) — ^Annual report foi 1890 Gcohw of Salt uuge of Punjab, with 
re coxuddered theory of Origin avid Age of Salt-Mail Graphite in doiomposed 
Gneiss (Lotente) in Ceylon- Glaciers of Kabru, Pandiw, etc Salts of Sambhar 
Lake In RajputanUb and *Reh* from Aligarh in Noith-Weetern Pxovinces. Analysii 
f>t Dolomite from Salb'Wmge, Puhiab. 

art $ (out o[pnni),--^\\ near Mogbaf Kiot, m Sberdni country, Snlemuui Hills. Mlnecal 
Statee. Reported ^axns4ka Ruby-khne in Maingldn State. Totiimaline (Sd^) 
States. Sported NamsAka Rubv-Muie ih Mamgldn ^ State Tourmalmo (Schod) 
Mines in Maingl8n State. Salt-spnng nm Bawgyo, Thibaw State 
m $ tout ot witfl.<*^Bonng in Daltongunf Coal-field, Paiamow. Death of Dr. P. 


<in $ tout of pnnfb^Bonng in Dalt< 
Mortal Duncan. Pyroxento vurteties 
^ ionf of ^iifl.^MammaIiaa Bone 


g u^r Bawgyo, Thibaw State 


I Coal-field; Palamow. 
ne 




gfEsjiiSMiiaasinri 

lib 




nng m britongun} Ooa-fiald, f aiAtuow. Death of Dr. f. 
toio Twrietiw of Onetw and ^pobte-bearing Booka. 

Bobm fro(DjWo|B^ia. JWJiJina Cfeal ^ploratwiti 
of Sifckiia BoOe ttfon Uw SatCratige, Pwjah. 

Vofc, XX^ 1893 
eul M^ort lot WW. .QwMnr of Thol Camtilli and port ol 

o| QitttteT Md XrteM«B wa^MOply of QoMta and PIbUb. 




VI 


Puri H [out of. y/m/).— Locality of Indian t'acheftkinlte. Qodk^cal fiketcli <if cionaby 
tiartn of Bhamo. Economic resources of Amber and Jade ill Burma. 

Iron-orefl arid Iron mduistiics of Snleni District. Biobeckite id Indik. . Co^'cH^ Great 
TenaFseriin Biver, Lowor Burma. » * -v 

pQft 4 {out of mint),--Oil Springs at Mogal Koi in ShB'am Wm* Mineral Oil from 
Sttloiman Hilis. New Ambor-Iike Besin in Burma. Tiiaseib Deposits of Beti-reage, 

VoL. XXVI, 18&3. 

Part X {out vj in/).-- Annual leport for 1892. Central Himalayas. Jadeite in* Upper 
Burma. jBurmite, now Fossil Kesin from Upper Burma. Frospeoiting Operaiiotiri, 
Morgiii District, 1891-92. 

Part $ [out of /.v/uO — Eait|i(«uftkG in Baluchistan f>f 20th December 1892* Burmite, new 
ii 0 iber-liko fossils from Upper Burma. Alluvial deposits and Bubterranean water- 
supply of Rangoon. 

i*art $ [out of print). ^-Geology of Sherani Hills. Carboniferous Fossils from Tenasserira. 
Boring at Chandernagore' Oranit-e in Tavoy and Mergui. 

Part 4 (out of print ). — Geology of country between Ohappar Rift and Hamai in Balu- 
cmstaii. Geology of part of Tena&serim Valley with special reference to Tsndau- 
Kaniapying Ccuil-fiold. Magnetite containing Manganese and Alumina. Hislopito. 

VoL. XXVII, 1894. 

X*aft l [out of prt/it).— Annual report for 1893. Bhaganwala Coal-field, Balt-rongc, 
Punjab. 

Part B (out of print ). — Feiroieum from Burma. Sing.treni CoaLiield, Hyderabad (Deccan). 
Ooluia Landslip, Garhwal. 

Parrt S (out of pri/iti).- Cambrian Formation of Eastern Salt-range. Uiridlh (Karharbari) 
Coaidielilf). Chipped ( ?) Flints in Upper Miocene of Burma. Velates Schmideliana, 
Chomn., and Provolates grandis. Sow. sp,, in Tertiary Formation of India and 
Burma. 

Pari i (out of print).— Geology of Wuntho in Uxipor Burma. Echinoids from Upper 
Cret-uccous System of Baluchistan. Highly Pliospliatic Mica Foridotites intniBive in 
Lower (lonrlwana Rocks of Bengal. Mica-Hypersthene-Hornblende-Peridotite in 
Bengal. 


Von. XXV III, 1895. 

Part 2. — Annual report for 189d. Cretaceous Formation of Pondicherry. Early aUu.$ion 
to Barren Island, Bibliography of Barren Island end Narcondem from 1884 to 1894. 

Part B (out of print). — Cretaceous Rocks of Southern India and geographical conditions 
during lat€»r cretaceous times. Experimontal Boring for Fetroloum at Sukkur from 
October 1893 to March 1895. Tertiary system in Burma. 

Part J.— Jadoit and other rocks, from Tainmuw in Upper Burma. Geology of 'foclu 
Valley. Lower Gemdw anas m Argentina. 

Part 4 of 7nfa/).-'tgaeon3 Rocks of Giridih (Kurhurbareo) Coal-deld and their 

Contract KfTects. Vindhyaii system soaih of Bone and their rotation to so-called 
Low^ Viudhyons. Lower Vindhyan area of Sono Valley. Tertiary system in Burma- 

VoL* XXIX, 1896. 

Part I. — ^Annual report for 1895. Acicular inclusions in Indian Garnets. Origin and 
Growth of Garnets and of their Micropegmatitic intergrowttis in Pyroxeriic roclu. 

part £ (out vf printy — ^Ulira-basio rocks and derived minerals of Chalk (Magnesite) hills# 
and other loculi tio.s near Salem, Madras. Corundum locfdities in Salem and .Coim- 
batore districts, Madras. Corundum and Kyanite in Manbhum district, Bengal 
Ancient Geography of “ Qondsvana-laiid.'* Notes. 

Pari S . — ligneous Rocks from the Tbchi Valley. Notes. 

Pari ^ {out of Btoatite inine&, Minhn district, Burma. Lower Vindbyah (Sah- 

Kamur) area of Sono Valley, HewalL Notes. 

VoL, XXX, 1897. 

Part /.—Annual report for 1896. Norite and associated Baaio Dyk4a and LaV»-€^wB” in 
Southern India, Genus Vertebraiia. Od Glossopt^e and Yettobraria* ' 

Part Cretaceous Deposits of Pondlcherri. Notes. • ' . ; 

Part S (out of T^rmf).— Flow structure in igneous dyke, OUvino-horite' dykes a^poonooi’. 
Kxcavaiions for , corundum near Falakod, Salem 'District. ‘ 


Palana in Bikanir. Geological specimens ejected by Afghan^SaJuesh. 
Commission of 1896. ' ' , - , • -r > ' 1 ■ 

Port I (out of prm«).— .Nemalite from Alghanistan; Qoarta-baxytea rook in Salem distfwb 
Madras Presidency. Woim femur of . Hippopotamh$ irravadicus, Cant, awl Fmo-# 


from Lower Pliocene of Burma, Supposed coat' kC Jaintia, Baxa Dum^ Peidiismon 
Figures on micas. Notes. 

' Vox*,.' XXXI 1904. 

Part 2 {out of print).— Prefatory NoticOw Copper-ore near .Kbm^- 
Eewmi beds in Vila district, Kashmir.; Ceiu dSposite of tea 
Pmijab. tJm-Rileug .coabbeds, Assam* Bapphiriue-bearing' rock fi^ yhsi^^si^ 
District, Miacellenepus Notes, Assays, ' ' . 



/ t 2 d/ Goal. 0 A. McMahon Cydohus BayiUvni Bioner. Anriferotia 

Orcurroftccs Qf Oboia Nagpur, Bongal. On tho foasabihty of inti^duong modem 
ruethods of Coko-makiug fit Eia<>t Indian Rulway Collievi<*s, wjith supplementary notes 
by Dirt*ctojp, Geological Survey of India* Miaccllanooiia Notes. 

/ / 3 {oui of print ), — Uppo} rolmo/oic foriuatKUH o£ Kniasia. iJlaciaiion and History 

(»f 8ind Valley. Halonti^s xn Trias of Baluchistan fioology end Miuoral Rosoiirces 
of Mayurbbanj. Miscellaneoua Notes. 

j f i {ovt of A/). —Geology of Umier Assam. Auriferous Occinionces of Assam 
(’nrions occiu’tcnce of ScapoJito from Madras Pio&idciiey. Miscellaneous Notes, 
Index. 

VoL. XXXTI, 1906. 

p t /.--Review of Mineral production of India during 1898— 1903* 

( I f 2 (out of prm/).-»(roneiii1 report , Apiil 190.1 to December 1904. Geology of Pro^ 
vinces of Tsang and V in Tibet. Bauxite in India. Miscellaneous Notes. 

/ / s (ovt of — Anlbracolitbjc Eauni from SubansnS Gorge, Assam, Elephas 

\ntiquiis (Namadicus) in Godavari AUuvhini. Ttiassic Fauna of Tropites^lfimestone 
of Ryans. Amblygoniin in Kashmir. Miscellaneous Notes. 
f , rt 4 —Obituary notices of Jl. B. Mcdlii^olt .and W T Blanford. Kangra Earthquake 
of 4th April 1905. Index to Volume XXXII. 


Von. XXXiri, 1906. 

I i/ J (out of print) — Mineral Production of India during 1904. Ploifitoceno Movement 
in Indian Peninsula. Recent Clianges in Conrse of Nam^tu River, Northern Shan 
(States Natmal Budge in Goktcjk Gorge Geology and Minoril RcKUirco^ of Narnanl 
District (Patiala State). Miscellaneous Notes. 

( , rf ^ -.General report for 1905. Bashio Coal-field, Northern Shan States. Namma, 
Mansang and Man-se-lo Coal fields, Northern Sb-in Stated, Burma Miscellanoous 
Notes. 

Purf $ (ovt of prinf)-— Petrology and Manganese-ore Deposits of Sausar Tahsil, Cbhind- 
waia district. Central Piovime^t Getdogy of part of valley of Kanhan River m 
Nagpur and Chhindwara di^tnefs, Central Provinces. Mangamte from Sandur Hills 
Miscellaneous Notes. 

i -^(out of print) — romiK»Mti(An and 0*»ahly Indian Coals. Classification of tlia 
Vifidhyau Sy.stcm. Giology of Slate of Pauna with reference to the Diamond* 
bearing Deposits. Index to Volume XXXITI. 


Vot. XXXIV, 1906. 

' f / (out of print), -Fo'isda from Halorites Limestone of Bambanag Cliff, Kumoon 
ITpper Triasflic Fauna from Pishin District, Baluchistan. Geology of portion of 
Bhutan Coal Occurrences in Foot-hills of Bhutan. Dandli Coal-field; Coal outoropa 
111 Kotli Tehsil of Jammu State. Miscellaneous Notes. 

/V rf 2 [out of print),- -Mineinl production of India dni^ing 1906. Numraulites Douvillet, 
with remarks on Zonal Distribution of Indian Nummulites. AuriferpuB Tracts In 
Routheni India Abandonment of CoI1iene» at Warora, Central Provinces. Mis- 
cellaneous Notes. 

Bcrf S [out o/jw/nt).— Explosion Graters in Lower Chindwin District, Burma. Lavas of 
Pavagad Hill. Gibbsite with Manganese ore from TalevadL Beiganm district, and 
Gibbsito from Bhekowli, Batara District. Classification of Tertiary Bystem in Sind 
with reference to Zonal distribution of Eocene Echinoidea. 

P /xf ^ (otif of pftnt).^aipnr and Nasira Qoal*fie]dSf Upper Assam. Mafcum Coal-fields 
between Tirap and NamdaUg Btreams. Kobat Anticline, near Seiktmn, MySngyan 
distri^. Upper Burme- Asymmetry of YenangyatrSingu Anticline, Upper Burma 
Northern part of Gwegyo Antlclinei Myingyan District Upper Borina. Breynia 
Multiinberealate, from Nari of Baluchistan and Sind. Index to Volome XXXIV. 


VoL XXXV, 1907. 

t [out of |>r»nf).«-^Getterf(l rimprt to 1906. Orthirnlmigmixia and Lepidoeycliiin la 
Nommulitid Series^ Meteoric Shower of B&d Oetoher 1903 at Dokacni and neigh- 
bourhood, pacea distHot. * 

"nt ^.^Indian Aerellto.* Brine-wells at Bawgyo, Nortbem Shan States Gold-bearing 
Deposits of Lol Twang, Shan SHate*». Physa Prinsppii in Mmstrichtiaii strata of 
Balnolneian. .Miscellaneous Notes. 

'ore J.^fVeiimfaiwy etirvey of oeHafn Glaciers In North-West BhnMaya. A,*— Notes on 
Certain. Wlydofst in Njsrth- West Kashmfn 

^ort f.;4XiE it « 

ia- mwhIi tm twiUtt aisdfM in KmuBoft. 3rnd,x 



VoL. XXXVT, 10074>8. 

/Vii/ / iotti of nrtni) — IVrolopcn al Study of Rocks^ from hill tructs, vizftgapataia dlstiu 
M^ilruB JVeeidfDcy. Ncph^hne Syeoite^ fiom hill tracts^ Viza|(a|iatttttt 
Mudias Trc^ideucy. Slratigiaphical Powtion of GangatcopterU of Kaidtunr 

Volcvoc outijurst nf I 4 .il Toitiary Ago tn South Hsanwi^ N, ohau Stah^a. N<*w 
5 sutdii‘ Itom tlilN. B.iluduistan rornio-Carbonlfarous Flaptft.fyom Kaahi&Ii. 

Puff i - J Milij»ni.n of India dnimg J906 Ammonites of Bagh Beds, 

nt'Oio) 

Part .f- Marino fossils m Yenangyaung oil-field, Upjper Bnrma. Freshwater shells ot 
Ihilfcsa in Yennngyaung 01 ! field. Upper Burma. Now Spociee of DeriUro 
pliylln f 10/11 Upper Miocino of Buima. f5tructure and ago of Taungtha hillh, 
Myingyan district, Upper Burma. Fossils from Sedimentary rooks of Oman ^Arab/i) 
Hubus in Karliin hi/Is, Upper Burma. Cretaceous Oroitoidcs of India *1’ u 
Oalcntt.i Kar^iiqUiikes of 1906 Mihoollaneous Notes. 

f":rf J l*Nt i*c)u Fucoids from l‘ab B.indsto?)cs at Fort Munro, and from Vmdh,\ 1 1 
sern>«. .Tideite iii K.ithin Hills. Upper Biitma. Wetchok-Yodwet Pegu ontOTx^p, 
Mac\M Upper Burma Group of Moiiganates, comprising ^ollauditt, 

y'sil-i/iu’w/e nnd Cruonatlite OccrtneBCo of Wolfram In Nagpur district, Ceuti d 
PioviiM-> Misrollnnrons Notes Inde’r to Volume XXXVI. 

Voii XXX VII, 190Q.09. 

/\iif 1 {o}(f iij norid lepint for 1907 Minornl Pi uluction of India diiiMj,; 

1907 Oentneiico of stiiatod hnnldeis in Blidm formation of Rimln MisecHanoniis 
N<«t' s 

Pnrt ? {oit n/ jfrtnf ) — Tertiary and Post -Tertiary Freshwater t)epowts of Bahichistau 
and Sind. Geologv and Miiural Uosoiuces of Rajpipla State. Suitability of hjiuJa 
I n Rajmnhal HilK for glass mannfadure Three new MaiigancPO-bearing minoraU * 
Vn^dcriburgitc, Sifaparito and Jiiddito. Uaierites from Central Provinces. Mii»re!li 
neons Notes 

Pnit 7- So*iMiein pait of Owecyo Hills inrlndmg Payagyigon NgashandaTiug Oil-field 
Silver le.id mines of Bawd win, Nortboru Shan States, Mud volcanoes of Aiaknw 
CiMrtt, Burma 

Part 4 — Gy|>sum Deposits in Hami’-pnr district. United Provinces Oondwanas and 
rdtted mujiie sedirunt.uv sy.lem of Kashmir Miscellaneous Notes. Index to 
Volume WXVTl, 

V 0 T 4 XXXVTII, 1909-10 

Pari 1 -Oenin! lopoit for lOOB. Mmeial Production of India during 190S. ^ 

P(*ft ® {out of pimp OstiCfi lithnnrginala in Yenangyaung stage” of Burma. Cbma 
ehv mul Fire olav deposits in Rttjmohal Hills Coal at GiThnrris in Raimahal hill«i 
Pegu luliei at Olld\^o Magwe dhtricl, Upper Burma. Balt Deposits of Rajputann 
Mis* 4*!latieouB Notes 

Part .7.* -Geolopy of Sa»aw.in, dhalawan, Mekran and the State of Las Bela. Hipporiti 
bearing Ijime^tone in Sei-tan and Geology of adjoining region. Fnsulinim from 
Afghanistnn Afisudlaneons Notes. 

Part J (teologv and Prospref^ of Oil in Western Promo and Kama, Lower Burma iin 
Mndiu/ Naniayin Piidiung, T.tunghogyi and Ziiingh Recorrelafcion of Pe^« 
in Biinua with notes on ITori/on of OiT-hearing Strata (including Geology of 
P Banhvtn ind Aukinanein^ Fossil FL^b Tooth from Pegu system, BnHO‘i 

N t'tlioM p.irt of Yiuautrvjl Oilfield Tion Ores of Chanda, Central Prov»«<’»‘'< 
Oe.4oi!v of Aden Tlinfeila'id. Petiological Notes on rocks near Aden Upp***' 
«7utassie Fossils near Aden Miscellaneons Hotos. Index to Volume XXXVIH 

voT.. xxxTX, ima 

Oninnnenninl Review of Mineral Productioi of India during 1904 to 1008. 

vofc. XL, mo. 

P<rrt L — Pre-Oarhoniffroiia Life Provinces. Lakes of Balt Bangs in tho PnnjAb, 
minary survey of certain Glaciers iti Himalaya, P.^Nom on ciertoin |ilac!ers 
Sikkim, New MummolUn Genera and Species from Tertiaries of India* 

Pari t?.-- General Report for 1909. Mineral Production of India during 1900. 

P^jt --Revised Cln«»si flea lion of Tertiaiw Freshwater Deposits of India. Bttvisfnn 
f^ilunnn 'rriss Soquenco in Kashmir. Fenestdh^arlng beds in Kashl^r. 

Part i -Alum Shale and Alum Manufacture, Kalabafl^. Mianwali distdot, PtifnatH Cod- 
Hold*, in N<»rth-KaBtern A«»sam. Sedimentary DeposltSon of 03* 

Notes Index to Volume XL 

VoT, XLT, 191142. 

P'fTt r — \ge ftiul r‘.ntinnc%tion in Depth of Manganrte-ores of Nag|>ar4][ala^hai Are^ 
Viovinco^, Manganese-ore def»osjt<i of Eangpur State, Beismv 
id Gondite SHries in India, Baluchistan .SSarthrinakd pf S&S 
identity of litres Promcnsis Noel ling, fri^ Pagu Systeit^ « Ostre' 

Digitolsma, Kichwald, from Miocene of Bnrope. Hr. T* % Bbth* MfifiillWkooi 
Notes, * 



Vart roport for 1910. Devonlait Fossils from Chitral. Persio^ Afghanistao 

and Himalayas. Sectiona id Fir Panjal Rail^a and Sind Valley^ Kashmir* 
irt f«--^^iiArai^ Production of India during 1010. Samarskita and other minerals in 
Nellofe 9istfrict» Madras Presidenay. Goal in Naindiuk V«ilcy, Upper Assam. Mis- 
cellaneoas Notes^ 

,virr #.-^Pegu-fiocend Snooession in Minbo District near Kgape. €Jeolo^ of Honisada 
District, Burma. OeoWy of Louar Lake, with note on Lonar Soda Di^osit. Inter* 
national Geological Congress of Stockholm* MisooUaneous Notes. Index to 
Volume XLl. 

VoL. XLII, 1912. 

) / /.—^Survival of Miocene Oyster in Recent Seas. Silurian Fossils from Kashmir 
Blodite from Salt Range. Gold-bearing Deposits of Moiig Long, Hsipaw State, 
Northern Shan States, Burma. Steatite Deposits, JIdar Stale. Mjscollaneoua Notes. 

/ //•'/ ^.-—General Rej^rt for 1911 Dicotyledonous Leaves from Coal Measures of Assam 
Poting Glacier, iCumaon, Himalaya, .riiDO 1911. Miscellaneous Notes. 
f rt J*>-MineTal Production of India during 1911. Kodurite Senep. 
f itt i. — Geologi(^] Reconnaissance through Dehong Vdlloy, being Geologicul llesulie of 
Abor Expedition, 101L12 Traveree Across the N.ngi Inlls of As«!»m Indian 
Aorolitea. MiscellaneoaB Notes. 

VoT. XLin, 1913. 

V’ut 7 {fiut of prinf) .-**Geiieral Repoit for J913. Garnet as n Ooidogioal Barometer. 
Wolframite in Tavoy Distrir t. l^ower Buimn Mi^ioUaueoiw Notes 
! / ?. — Mineral Production of India dm Pig 191? ItOiStionabip ox the Himalaya to the 
ludo-Gangetic Plain and the Indian Pciunsida. TTambeiglte fiom Kashmir. 

*' fit ,f, — Contributions to the geology of the Province of Viinnan in Westotn China • L 
Rhai^-T^)g*yiioh Area : 1 1, Petiology of V^olofniie Ruck^ of Teng-Tueh District 
Tlie Kirana Hills. Banswal Aerolite. 

/ iTt jf, — Oold-beari]^ Alluvium of Cliindwin River and Tributaries. Corrolaiion of 
Siwaliks with Mammal Horizons of Europe. Contnbations to the Geology of the 
Piovinre of Yunnan in Western China : III. Stratigraphy of Ordovician and Silurian 
Beds of Western Yiinnan, with Provisional PaUsontological Determinations. Notes 
on “ Camarocrinns Awatiens ” from Burma. 


Von. XLIV, 1914 

/.---General Report for 1913 Carbonaceous Aerolite from Bajputana. Nummulites 
as Zone Fossils, with description of some Burmese species. 

Purt 9.---Coiitribaiions to the Geology of the Province of Yiinnan in Western China 
IV. Country around Yunnan Fn. Dyke of White Trap from Pench Valliy Coal-field, 
Chbindwmra District, Central Provinces. Mineral concessions during 1913. 

Part d.-x^CoaLseams near Yaw River, Pakokku District, TTpper Burma. The Monozite 
Bands of Travanoore. Lower Cretaceous Fauna from Qienmal Sandstone and 
Chikklm series. Indarcloe.salmontanQs Pilgrim. Future Beheading of Son and Her 
Rivers by Haedo. 

Pfirt 4.— Salt Deposits of Oia-Tndns Salt Bar^e. Teeth referable to Lower Siwnlik 
Oreodont gehus Diasopsalis Pilgrim. Glaciers of Dliauli and Lissar Valleys, Kmnaon 
Himalaya^ Sqitember 1012. Miscellaneous Notes. 


Vot. XLV, 1916. 

7— Neiv Siwalik Primates. Btachiox>oda of Naroyau Beds of Burma. Miscel- 
laneous Note. 

P'*ri y.-->Qonerb1 Report for 1914. Note on Stvaelums and Paramachaerodus, 

/ irt y.-— Mineral Production of India daring 1914. Three New Indian Meteorites ; 
KuttippimiD, Bhupiyan and Komsagar. Dentition of Tragnlid Genua Dorcabune 
Hemame Oiy«t^ of Colranaiform Habit from KajUdongri, Central India. 

PtTt of oountry rmar Ngabtaingdwin. Geology of Chitral, Gilgii and 

Pamife. 


VoL JSXVJt, 1616. 

irqnennial Bevievr of Vlnerel Produetinh of tadia for 1909 to 1613* 


Von. XtVIl, 19X6* 

i m /.*-Cteiiet4 Report for 1916. Eocene Mammab from Burma. MiseeQaaeoua Notes. 

Deeeaii Tfap Flows of Llnga, Chhindwara District, Cooim Provinces 
Iron Ore Depots at Twinogd, Nortb^ jStatea. 

* oe y.-.fObitniay t % 0« Bnrtoo^ Tbb Mimn^ Prodnefion of India during 1916* 
Fl ewrifii g^tr^ of I^ppfr (;r%|«nnoba and Bbeeno Oatreidm, with 

^t^tbjhFrevkoe of Tfinnan In Western Chinas 



The Vi 


SalWeen i£di Mebng V^b^ 


A fM»U wood ham 


XT 



VoL. XLVIir, 1917. 

i - (j'^neral Hoport for 19JC. A revised claawtiratioii of tho Ooiiidwana System 

Pait )?.-*AIin<^ral I’roductiuo of Jodia during 1916 Mainznal collections from Basal Bedv 

o> ilikfl 

Part ('tystailugripliy tud N<*mei)dature of Hollandiie. Geology and Ore Deposits 
in MiutH Miwllanedos Notes. 

Pait i - ill iiu Hills lu Kaetern Kajimiana. Origin of the Latente ojf Sec>nf 

( cniidl VnnitKes 

Vot XLIX, 1918-19, 

Part I -Gencia) Urpoit for 1917 (.’assitonto Dcp(>site of TaVoy, Le» ficlunidee den 
Hugh Bods 

Pari S -Miuoral Piodnchim of India during 1017. Support of Mountains of Ooniiu 
Asia 

Part 3. -Sttuctuio and Stiafigiaphy in Noith West Punjab* Aquamarine Mines of Da«.i), 
iSiJutangai (Tiaiihriu'ikc of July 8th^ 103B. 

Pott j ros'^iblc Ouuireucci of retioleuni m Jamrou Province : Proliminary Note on tb^ 
Nar rUtdhnri l)onl<^ of Kotli 'lobsil m the Punch Valley. Submerged Forests 
Bombay. Infia-Trappeans and SihciBod Lava from Hyder^ad^ S. Inam. 

VoL. 1., 1910. 

/Vn/ / General Keport foi iOJ8 Pota«ih Salts of Punjab Salt Range and Kobat 
Oiigm aii<l Histoiy of llork sail Doposits of Punjab and Kohafc. 

Part Tungsteu and 'Pin in Burma luclimtioii of Thrnst-plane between Siwalik and 
Miirrco rono near Koili, Jauimu Two Now Fossil Localities ui Garo Hills. Semu 
Solpbur Mine Mimllanoou«i Notes. 

Part t ( 0 ut of 'prtfii ), — ^Mineral Production of India during 1018. Gastropoda Fauna of 
Old Lake bods in Upper Bninia Galena DeiK»sita oi North Kastem Putao. 

Part J - -IMcliblondoi Mona^ite and other minerals from Picliblii Gaya district Bihar and 
Oiih<^a Natural Gis in Biiummous Salt from Kohat. Mineral Resources of Centra] 
PioviiKfib Miscellaneous Notes 

Via. LI, 1920 21. 

Pari t (Icntral Rciwrt lor 1919 Pseud j crystals of Qraphite from Travancore 
Minenl iditcd to Xonotime from Manbhum District, Bihar and Orissa Proviiioo 
rod Scitns of Foot TIills of the Arnkan Toma, between Letpan Yaw in Pakokku and 
Ngap^ m Minhu, Uppci Burma Observations on '* Physa Prinsepii/* Sowerby and 
on a Chonirl Sponge that bunowed in its slieU 
^ < 'I isRifii ition rd fossil Oypr^idm. Sulphm near tho confluence of the Greater 

/lb v«th (ho ’r!»ri'?i, Moaopotama MiscelHncmis Notes 

Part S Minonl Production of India dmmg 3919. Results of a Revision of Dp. Noet 
ling*s Sccuiid Monogr«iph on tho Tertiary Fauna of Burma Marine FosoiLs collected 
bv Ml Pinfold in the Gtro Hills 

Part i —Illustrated compaiative Diagnoses of Fossil Terebridu* from Burma. Indian 
Ftmil ViMprtrjo Now fo^Ml Unionid from tho Intertrappean l^ds of Peninsular 
fndia Unionidm fiom the Miocene of Burma 

VoL Lll, 1021. 

Quuvpionnial Review of Mineral Production of India for lOld — 1918 


Vot LIIL 1921 

Part 1 — GcMietal Rejiort for 1920 Antimony deposit of Thal^, Amberst district. Ant’ 
mony dc^ o**its of Semthern shan States Geology and Mmeral Resources of SSASte n 
Persn Miscellaneous Notes 

Part 9 - (Comparative Diagnoses of Pleurotomidm from Tertiary Formation of Burma 
OompAFQtive Diagnoses of Oonidm and CnnoellaitHdie f»om Tertiary of Bmna 
Stratigraphy, Fossils nnd Qeolo^j^al Relationships of Lameia Bede of JnUnitjEiore 
Rocks near Ijameta Olwt (Jvbbidpore District), 

Pari S — Obituary ‘ Frederick Richmond Mallet Mineral Production of India during 
1920 Mineral Hesourceb of Bihar and Orissa 


Part 4--Sttatigimphy of the Singu-Tenangyat Area. Analyeia of Singu Faund* Bui 
phur Deposits of Bonthem Persia A Zone Fossil from Burma s AmpidHils 
(Megatylotus) Birmantcs 

Vote. LIV* 1988. 

Part 1 -“General Report for 1921 Coutributfons to the Geology of the of 

Yunnan in Wcbtem Cliiua * VI Traverses between Tali Tj^ and Tunpala Vu 
Geology of TsKki Zam Vailoy^ and Kanigturam^Makin Area Waah^iotlldb G<moi|y of 
Thayetmyo and neighbeurhoii^, including Padeukbtn. BRumdft ^ 

Part S —Mineral Production of India dUiHing 1921. Xvtm OteBydt wad 

Geological ResuHs of Mount Rverest neconnasesanefi jN'qsSRim 

sum of Wolfram bearing Zone m Buimat Hiecollan^na Npie. . , 




lU * : Bujpert William t^obnor. Indian tortiiny Gastropoda, IV. OliviJa, 

llarpida^i MarginoUid®, Volaiida and Mitridm with comparative diagncaea o( new 
j>pocies. Structure of Cntiole in Glossopteris angustifolia Broogn. Kevision ol some 
Kossil JFfaalapomoroh ^rnaclea^from Inaia and the East Indiaii Archipelago^ Contri- 
htttiona to the Geology of the province of Yunnan in Western Obma. 7 : Raoon- 
naiasance Surveys between Shunning Eu, Chingtung Ting and Tali Fa, 8 : Traverse 
(ir>wn Yang-tze-clnang Valley from Ohln^chiaiur«kai to HuMi Chou. Boulder Beds 
beneath Utetor Stage, Trichinopoly Pistrict. Sliscellaneous Notes. 

/ .r/ ^.—Geology of Wfistorn tlaipur. Geological Traverses fwim Assam ^ to Myitkyina 
through Hukong Valley; MyitkyinS' to Northern Putao: and Myitkyina to Ohine^ 
Frontier. Oligoceiie Achxnoidea coUecte<i hy liao Baiiauur S. Sethu Kama Bau in 
Burma. Mineral Kesources ol Kolhapur Stnte. Kunghka and Maiimaklnng Iron Ore 
Deposits, Northern Shan States, But ms. 


Voi. LV, 1923-24. 

i. — General Report /or 1922. Indian Tertiary Ga.sti*i^poda, No. 5, Fosidte, 
Turbinollidm, Chrysoilomidm, Strepturidm, Buccinidae, Naesidm, Oolumbellidm, 
with short diagno.ies of new species. Geological Interpietation of some Recent 
Geodetic Investigations (being a second Appendix to the Memoir on tho stiucturo ol 
the Uimalayas and of the Gangetic Plain as elucidated by Geodetic Observations in 
India). 

— Obituary ; Krne&t (Watson) Vredenburg. Fossil Molluscs from Oil-Measures of 
Dawna Hills, Tenasserim. Armouted Dinosaur from Lameta Beds of Jubbulpore. 
Fossil forms of Placuna. Pbylogony of some Turbineilidao. Recent Falls of Aero* 
litcs in India. Geology of p<irt of Khasi and Jaintia Hills, Assam. 

/' fft S , — Mineral Production of India during 1922. Lignitic Coal-fields in Karewa toriua* 
non of Kashmir Valley. Basic and Ultra-Basic Members of the Cluirnockito Series 
tn the Central Provinces. China Clay of iCaralgi, Kbaiiapor, Bclgaum District. 

Part .^.--^bitaary : Henry Hubei t Hayden. Oil Shales of Eastetu Amherst, Borouii with 
a Sketch of Geology of NoigbboiAhood. Provisional list of P&lteosoic and Mesozoic 
Fossils collected by Dr. Coggin Brown m Yfiniian. Fall of three Meleono Irons in 
liajputana on 20th May 1921. Miscellaneous Note. 

Vot. LVI, 1924-26. 

^ General Report for 1925. Mineral Deposits of Burma. 

Part ^.---Mineral Produrtion of India during 1923. Soda rocks of Rajputana. 

Puii y. — Gyrohte and Oks>uite fiom Bombay. Freshwater Fish from oil-measures of Dawna 
IfiUs. Fossil Anipuilariid from Poonch, Kashmir. Calcareous Alga belonging to 
Tiiploporellem (Dasycladace») from Teitiary of India. Froth Flotation of Indian 
Coals. Submarine Mud Fiuptions off Arakan Coast, Burma. Cretaceous Fossils from 
Afghanistan and Khorasan. 

Port .^.--*Merua Meteorite. Stegodon Ganesa m Outer Siwaliks of Jammu. Land and 
Freshwater Fossil Molluscs from Kox^ewas of Kasbmii. Burmoso Lignites from 
Nauima, Lashio and Pauk. Maurypur Salt Works. 

VoL. LVII, 1925. 

ijntnquennial Koview ol Mineral Froduciioxt of India for 1919-1983. 

VoL. LVlIl, 1925-26. 

Part i.^^Generol Report for 1924. Fossil Tree in Panchet Series of Lower GondwatUM 
near Asansol, with P&beontdlogical Desoriptiou. 

Part 8.<^bituary : Francis William Walker^ Possibilities of finding concealed coalfield 
at a workable di^th in Bombay Presidency. Basolting Lavas penetrated by deep 
bormg for coal at Bhutawal^ Bombay Presidency. 

J*an y.^-^Mineral Froduetion of India dnxi^ 1924. Fnstatite-Augite Series of Pyroxenes^ 
OonsUtution of the Glauconite and CeladOnite. Falagooite^bearing Dolerite from 
Nagpur. 

^ (in the jprsss).'-*'FciS9i)e& Crdtacds de PAfgbanistan. Fossiies du Kashmir et dee 
Pamirs. Aaditions and Cmrreetioiis lo Vredenburg's Classificatioo of the Oyprssldie. 
Petrology ol Bocks from Gima? and Osham Hillsi Kathiawar^ India. 


Vtm. LIX, 

^'ari i,«-43eiM»rai Report for 1925< Zonai dhtribntieh 4ud description of larger loraini* 
aifora of middle and lower JB^rthar series (miMa eoeaii^ of parts ol WeMern IndicL 
"ontvate and INords, Vfldia* hXX and Vcil%' XXLXXX. Fnoe.l rupee each. 

TM UdAm 1* 1 M a of 

lowp paHe,' and ^ of each part^bepon^ with Yotuiae £IV is Be. 2dB0^ or 
each volume of iiottr pamt Rs? tt , . ^ 





MISCELLANEOUS PUBLICATIONS. 

1 ’^finud of the Geolog> of Indu 4 Vein ^Vllh onp, 1870- 1887— 

\pl Jl Peuiu&ulttr Area / By H B Medlicott and W J Bloijfoid 

\ ol 2 Kxtri PeninsuJ u \ifi s 8 lupoe^ [ont of prtn^} 

\lI 6 ItiLoaomi^ Uei>iog> By V Bili ? jue 5 luptes (owt o/ pnnf) 

\cl 4 MiDfialog^ 1 It Mdilltfc Pn<e 2 i up^ea (ouf o/ pmO 
\ M null ol the Gei J«)gy oi Jmlu 2rHl t<iinon Bv B l> Oldhim (189^) Pii ♦ B 
lUpcPJb i^ut of pruit) 

\ Muiuil ol of India, 1 lonoimc Geokg^, Oy the Jatf Pr/f V Ball, 2nd 

(vifred m paitB— 

Pirt 1-t-ornndum By 1 11 Jl llanl (1898) Puce 1 rupee 

ntiuduction of the Choninl and Pli^sual study of Indian Mmorala T U 

UolUnd (1896) Piicv, 8 muas (out cf jjrtnf\ 

] lar guides to iho (icologu il eolhctun iii the Indiin Alueturn ('^akufcta— 

No I TeiLituy \ertehiatc aniiiuls P 1 ydekker (1879*^ Piue 2 aiioft5 (out of 
I tint) 

\3 2 Minenls Bv I H Vlallnt (lu79) Puce 2 annaa (out of pnnt) 

\( 3 Meteoritew By P lt<ld<n 1880^ l^iicc 2 innas [out of jittiif) 

\ 1 P<iluintoJc, 5 iMi alJ (Cions Bv 0 J‘Hsiros.nM (1881) Price 2 annas 

No 5 KeonoTiitc mincial pirdiict^ By i K MaOot (1^) Proa 2 annas (oaf of 

pnnt\ 

\ \ iiiptjve. cataloguo of the rrlhitnii <f ininuals i»i the OeoJog'cal Mubeuni By 
I B Msllot (15J3) Price 1 iiipei 8 annuls 
1 ill of the lemams ot t'lW'iliK: Vutebtila loutaued in the Geological Depart 
nuit (t the tiidun Musfini I4y 1\ fvdtklei Pt 1 Mammalia (1885) Price 

i iUjiee Pait Jl Avc"* Kep1ihi» md Pi es (I886j Pure 4 annas 

' 1 ilogue ot tJio icrnnu^ of Plc'i I K.rnc lud Pro Hjst< in Vo/teh* itu coiitamed m tha 
(ledogval Dopartment it the f idim MusHun By li Lydekkor (1886) Price 4 

mil lb 

I Hii^iapAiy of Indian (clf^> J>y IJ D Oldham 0888) Pure 1 lapee 8 annas 
i I i<nph> of In lull (if ilo,, J>n J H D f ilou(b«— 

1 i C I A Biblif iph\ il9i7^ Prnr 4 luifcs 

Pii» 1 B Inm jc i t iiiinoi vN ot Icoinnm valiio (3918) Piue 4 rupeih 
I «t 11 lndi\ oi Ltxahtics (1923) Pucc ono 
Put IIT Jndts n Siihp t (192 ) Pi r« 4 lupets 
Part IV Palui^ontologicdl Index (/n tat' pnw) 

* ^ott ou ihe geological 'itnlctare and bt ability of the hill slooeii around ISiaini fa! B> 

I II llollmd (1897) Piiu 6 ruj es 

I map cil Indn 1893 Vale 3' % miles Prue 1 lupie (out of prxnt) 

I'jgi il map of 1 i\Oii diatiut, Burma 1919 dcalo l^ft.4 miles Pno6 5 rupees. 

* logical map of Bihar and On^^e 1922 Valo l^-t-16 mile* Piue 5 tupef'^ 

I tTul lieport foi the pwiod fiom 1st Jannary 1897 to 1st Apiil 1898 Puce 1 rupee 
f iift of print) 

^ T i] Repoit for the year 1896 1899 Pi ice 1 rupee (out of prmU 

h urd Report for the yeax 1890 ^900 Pnee 1 rupee 

h I ual Report for the year 190Chl901 Price 1 rupee. 

G I r/ii Report for the year 3901 1902 Puce 1 rupee. 

[ till Hepoit for the year 19021903 Pnee I rupee 

«.h of the Hinera) Resounes of Xnduk By 1 H IToll md x«'^) Pntu 1 rupee 
ont of pint), 

* tfnts ana index to Records, Vols 1-XX ana Voio Price ^ rupee each 

t tint and ijudex to Memous, VoU OX and Vols XXT-XXX Pnee 1 rupee each 

* s to the (jienei i and Spines <h“^ij|>i?d in ho P iWouioJogia ludica, up to the yea* 
ib91 Pfiee 1 rupee 
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Vot 


Voi 


VOL 


Vpt 


Vot 


Vou 

Vo. 

Voi 

Vot. 

Vot 

Vot. 

Vou 

Voi 


ri I IfVJt {out j/ print 
I Atcbir Cool hold - (}oii 
ifooi HlutA |iW6o.< V( 
■tiuctura of h pnrtiou 


uc« i Be.) 
Idiog del 
9 

ol KliMi ' 


Ca4 
I of 



Niigtri UiUb (MA(lrM)<^ Pt. 3| JS^ {out 0^ 



11 


ill 


IV 


•~latelr{lie Of pI x aOi— P oostI 

i, «Mn of ,, 

lut oi pnnti {mot 2 : VuniognMi Hd ttofe 

SuodelM»^ Pk 3, ' 

^uetiire of eentrol nnrtioo Of NoHMUb £^wei«r* 



Citologtrjtl (iruotn)^ ebd^plqiiMa) 

Atidoapore, and Ohm* . “ * 

tJcratoUttii, from MaledI 
PI 1, 1850 (out 
asiHxiate^ lo Su 
Geological eLruetiire 
lertiaiy and alluvial doj^to 
Valley -<43eak«ioal ndatitoiu and pnl 
ra Central India and Bengal. 

Pt 1, 1861 (out of pf%nt) (ftiet S Bs ) 
lional reiuarka on ayatema of roidta to „ 

Jodian Sfmeral Stabetioa, I. Ooal PU 
(price 2 Ra ) . Sab*Huaalayan BangOi between . - 

Pt 1, 1862 (out of print) [mot 2 Be ) GM0«eaoo8.BooiA of Iridiljio' 
poly UisUitk Madiaa Pt. % 1864 (o«a of {pwt 2 ]m)> 
DiOneta of TriohtacoOlyi Salwif ate. Pk Z, i960 (ohO of jwtgl) 
ivriot 1 IU.1 : Cold of lilWf OM. 




ami) <p 
{price 1 


ield -^Jeoloj^cal OtnarmUnw 04 


Nelghbfnithuod^o^^flfe^W^ etk, 


[jpMce 1 Be ) ' Jbwia 

VI Pt. 1, 1867 (price 8 Ai.) „ ^ 

(•eoldgy of poition of Cutoh Ft 2, 1867» Bap. : 

2 lie ) . BoltAro Coid 8eld -«-Ran]^arli Coat fkdd« 
and CenUat India Pt 3, 1969 (priel 3 Be. 

Norlmddii Vidleye- bWbeda m Bombay -‘•(Wy 
VII Pt. \, 1860 (prtco 3 ft« ) Viodliyen «taB»ltM • 

Phtllone Plaltiau Pt 2. 1870 \out of pnnt) (pntr 1 Re ) Karharmlt 
Caid>fiMd‘<‘0^ar Coal Said. j^t.i,Wm(mtfifffm^{ftietiSi^it 

Vfll, Pt 1, 1872 (prwl 4 


and ifl2l (ffl4r 
m of IV«Batiii 
8 Ml ‘ Tipti ai^ 


L 1872 [pmi 4 Ml t Kndopidii ^ Xaapta 1 
eaideiKiy Pi. 2) 1872 (out if pnnii (pnto 1 
Id *-.1181(080011 OoddMd,*41ii)^ Caaifield. 
i, 1872 (pim 4 M) : Geology ioKuk^ Ft. 3 


PrOaideiKiy 
hald V 

IX, Pt 1, 1872 (price 4 Rs.) J Geology Katclu Ft. % 18?8 i 

Geology of M[ag|Hii**0e6l6|y ef 91rban niB.~ Caibfoilevyw 
nitoa. 

Pt 



Ft L (price 3 M)i Gedlogy pt KaBraa. 

Pt 8> mGiriM3Bi:) 

XUI. PI l.l^(prM»r 
(price 2 M 8 As.) ; 
ip,<l»»^«B«.)t,Oeology;of;Siii 
XV. Pi 1. mZ of pmtQ (1 
Coal8dtds(Palaiacnrb 
ratapaad OMlftwfi | 

AVI Pt 1, 1879 toner 1 Re 9 

16« to Ma«i%ata«. Pi8;i9f 
of CaroatiO F| 3, 1188 iprfiti' 

Rietrlel. ^ ^ 






i'ftrt 






xriW. 

Part ■ "" ]|(%|ii^><>Yj|idS46;fa^;.WMM»rtl^ 



~ VoL'tSLii, “ok. ■■-'I '■ 

i'vH t (dM vt |iriiM><-r,to^;iMymrt .(«» jfl8& lDlwtMt-ftr4Mwiit.8aoitt^ isdi«;. .W|^ 
l^am atunpaw, am Mk €iMMr*a ailund duguvanp of. Aiatnioaijf te'jUM^ttM* 
GottwitppailUMof ao-o^lad fsdiciu. . Fhwtibfa aanjtotaaa jo#^ Awwiharit^ 

iT baJj^^MnSaf^ oooiitMMa tA laitUi, and odosa ^ ita fEMnbiUl^, piWjljyi in|M 

I'aH dj (<|iif of 2mtU).~^[bfian Staatit^ Distorllad. pabMu in jETiirnlik ' ediuimttfato 
“CajdMiiifoKnw' Ofauifal Patio^“'l Noias m Dtr St,' 'W$»aiA'» ‘‘Cti^&m^mom 
Ghml P«ri«d. . Oit-Mda of .TwiagobBg and Ba^ BonS., f^oiam it 

lC >-l'hraIL«rA. . .Mlkl'iaikta&tiB' f/af 1 ^W\f.fa>a>a/ Jan MAiavlal«Aam»fa#i#k/t aaif llTAKvalontradT'' awrJ TYaMh&naa 

i^ati 

pi 

Hilb; C<^«l(i&i:otti Matt from Nepal. President ol Ueologiocd So^ety nf iMidba 
on Internatiojaal Gee^fical Coa^resii o| 1880^ Tin*miofag in Metgai 
/^^ft 4 (tftfS e/ fmA^)..--l4ina-tQftciaee of Siwalikc. Pelvta <if a mm SiVAUteflb. 

4jisaya from Sainbiuur Sdt-Lake in Baipuiaiui. Mangeiiilei^iis iron and Maaoanese 
Om of dafiafnor. Ps^oaiia-beinrw traim of Bdjoialidl hills' and Deocada -.Tin* 
•qp^ting in Mi^y Peninsula. Pi^isuml Index of Lo<^ Distribnilon of 
. MifloelUdeisQq^ Minerab^ Gem Btonee and Qoatfy Stonea in Indian 

Part tint fS^. faifcadoBg ooal-flaUb, JTaintia BUb.. 

m4. 1 ^ 1 ^ dtbil^c Indim 'Bieyi>6d«da'> Twldtrata raoMUBO 

a 'Boofff'watidWkfwitb, daHri^tton 'iid tt^HitoU). Ciyitatilaa .aAd utataiawyhlc 
'of Tower BOtulBfii, Oaihwil and Kuinaon, Soction tV. Mvalfaa ol Ouvi 
■rabftik aatUnmaBk Mua-baolui of. IHvattcore. «oMts. ' ' 



osnbssridtt.' 

f*artS (eiit'n/. jirfia<).-*Oecdfl 

'fiMsrsy .'jiet^eeit Shs^g.. ^ . . 

“(A' India in by pr. O’oliibnes tl^ther. Goal<^0dd8'nf^£idi^ 

dtam, and 'Mwheda^ha^, in the Khaai Hills. Indian Steatite.: Pro-*' 


f and Eeonomle Beaoareee of Odnntry adjoiiau^ Sihd«Pisbia 
df Goimff betere^ it mid (hattan^ 
i by ppo d^ol&nes 

1 ^ 9 ' ^MvwAdtnm* and ' Mwbe-lar-l»r, in .the Khasi’ Hills. i.aaiim ssuMivrw.- ' 
▼iHofMl, IndM.ol. Mcal. BbtHfMtiAo'of laMrtaai MineralSr MiseeQanecitui UiBarcds,' 
(IWft Slemv ^ K^fe. 

^>4 Tal{ wttbnfinovks oa aafont maJitiam 

fowMiiqi Bobm. D^iliag Coat Mwacp ]<i«i 

Kad^wh Jbm,. Xtoep B^g nt’’ 


4f Pm|ali^w^ 
a 'lif-daooMMMd 

tpnnnatiM 

Stale^ r -H. 

TkM «f lb-, P. 








Jl^tt i (mt wrmt) -Lcxmitty of /adito TatAeSkmiti, 0«4 d8UsiI 'Ska^ «f wttBti 
iiiori)i of Btianto^ Iuxmm ikiu of Ambar andi J4ulaioiJ]i^ aria hi v|p|^ Sunui 

lixt, orv*i uQi) iron ii bOiuii DistH^t lb Obfi QteM 

Uwiuj^a^-iin Kum, flower Bujjiiau , 

/'Off 4 tn»t 0t fnn^) Cni ^prtfw Mogal Kot m ^toani HiUa* Minaral DA mn 
P«l©'!iA/j iSew ^wWrke Kesm m Bwaa TtiiM$ic Bapoaiia of Siiliraxigd 

voL xxVi* Tim ^ 

Jpau 1 {ojt ff fTwt) — ^iinttal leport lor ISdS ^ Coairal HimWiia* «la4l^Up iify, Djppor 
Btr>i« Bnrm to, new ko <«}} Beam fiom Opper Burma* Pioapef^Ullg Oj^rations 
18911^ 

/*aii 9 {ouf </J ifrttn) -<-E<i 2 fh«|ui>e m BaiocliisUn of 2DU} Deoembor 1883. Barmito# MiVf 
azrihorhke fo sus fioxn !;pper Bnmii AllnviaJ deposit$ ao4 Sobtarranoaa water 
aeppi/ of JUngoott. 

htft ff iouF of prmt) Goology oi Shemiii Hil]* Carbon ilei out Fooetla from renaaaeriiu 
Boring at Obfunieinegore Urainte m T^\oy and M^rgm 

Pivf f 4 (out of pnnt)*-- Geology of countiy betwean Chappar Hift and JSarnai In Sabi 
^b»fan Geology of part of ioiiafteerim Valley with epeoial ibfai^epoe to 
Kaxnhby iti^ Coal field M^gueiite rontammg Manganese and Alumma Hiajopite 

Voi XXVfl* 1881 

J'ati, t {out of y)$nt) Arjijoil repoit for I80d Bhaganwala Coal bel4| Sall^range» 
i*tiroeb 

Part ^ \fiui of prtnf) Peiiolrain fxom Batma. Siagaiea« Coal held, Hyderabad (l)eoe«in) 
(Icboa Laudshp, Gaihwal 

Putt t if prtnti *^Cxmbnui hoimatifm ol KisUiq bait range Giridih (Karhoibau) 
Coal helda Chipped (f) riinU m Cppei Mtooeno of Btiinia Velatea 8chmideitana> 
Diemu , .ind Tiov eldU<k grnndts, Sow ap , in Tertiary Fomattoa of Indm and 
Burma. 

Part 4 [out of priaf)«‘^eology of Wnnibo m Upper Burma Echmoida from Uppei 
Cretaceous System of Bahidbisldu Highly Phospbatie Mica PoridOtltes intrusive in 
Lower (lOfidwaija iloiks of Bengal Mica Kyper^thene Hofnblende'Peridotrte in 
Beni;al 

Von XXVin, 1886. 

i*u t l Annual loport fot IdOt ( retaceoub Formation of PundicJbetiy Kaily allusion 
to iinrien Island Bibhogiaph;^ of Baiiui Island and Maicondam fioui 1884 to X694 

Parf S of pnni) --Orelaeeous Borks ot Sonibem India aud geogiaphioat conditions 
during later cretaceous times Lxpen menial Boring for Petroleum at Snkbur frotm 
tjclobii I83d to M xch 1B06 tertiary system jui Iniima 

Pati - Iwint irnd other trom fammiw iii Upper Burma Geol^igy ol locbi 

Valley Lowoi Gondwanas in Aigcntma 

Part 4 {out of punt) Igneous Bocks of Giridih iKurhatbatee) held and their 
Cooliaot Effects Vtndhyan system 40Utb oE bene ^nd their relation to «0 celled 
Ijower Vnidhyans loiwer Vitidbyan aiea Of Sune YaUeyr lertxaiy eTtrtUki m Borioa. 

Voii XX XA/ 1896 

fart X— Aminal report tor 1890 Afioulai mclimons ip Indian Oainets. Origin bnd 
Gri^wih of (Mmete and ot iheir Micropegmatitic mtergrowths m Pyros»mo rocka*. 

Pmt * {out of pr%nt) Ultra basic lodrs and derived minerals of Chalk (Mag^awte) billet 
Ml) othe^* local (tiPs ui^ae Madias Oonindiun locahtJea m oalein and Com 

baiore diHricU, Madras Coruiidom and Kyaniie m Maabhuitt district^ Bengal 
At.cmit (Seogt^pby oi * G<yudfraui lead >?<>fc€ 

Port f Bo(k<,fLc>ru tb \ »Ho\ Nores 

Pari 4 {out of print) - ^Steatite nnnes, Miaba disiiKt, Buima. Lower Vthdhyan (9hb* 
Kamur) atca of Bone Valley, Hewab JNotee. . 

VoL XXX, 1807. , , ^ 

Part I -^Annual rapoit foe 1896 Konte ana aeeoolAm Baam Bykea ead (ii 

Bout hem Indii Geiitis Vertebiana On Gloseopter^a a^d ' 

Part i « Cretaceous Deposits ol Pondubem. Notes 

^arf S (out of print) —Flow sx^tnetore m igneous dykef. Olmne nodta 4yke» eh <!kMmei>t' 
Rxoasations for coiundum near PalalEOfL. Babm Diatriot OcQ^|W«nce ct coal at 
FaLona in Uikanir Geologic^ specimens uolleeiad by Algka4*'Bsltn;h Bbbihdiaiy 
Connmis^ion of 1896 ' " i. ^ 

Pofi 4 {oui of print) -^NemMite from Afghan»Iah OiiMatbavyhw ro(A 

l^ladras F>'esidcrcy Worn femur of HippOpotanind Daeth aiMl jfah*^ 

from Lower Pliocene of Barma Bupposed Cua} ak Jalntin^ BMa SkerL "" 

Figure. <Hi otiCM Note#. . ” 

nLsrj. 


BnrotuAao 


Fnnjftb DmBJeng co»lU>db, A<iaiiiii« SaD|itariBf>Vlw)qg; 
lliatiiol HiscdlMMOiui Koies. iMMjfa 


ii ^ a ili ■ 



of SijSfcd ValSey, ttcitor^ it^ TiP|L<* ojt'^i^udbi&eun. GMcm jii^ }I0M^ l^imn 
at MAymMMi Miieeiw^^ ^ 

ft f {mt of prinf^ --^eot&gy of tJ}^ A^w Atturfojp^iift Ocqpi^ifotwwdi of 4{^»IHE|^^ 
CttfuiVi3 odmutmoo of Soo^bU*^ fzt»ti M^riei' j^rotno^cy. MisooQ(UteoiW! 
lodex. 

Voii XXXU 1806 


/f /.--^Rovievr of Miodfibl production of India dnriog 1896 

/ / J (otit of prjn^).'^-Gen6ial ifpoc;^ Apfi)[ 1805 to Dofopib^ 1804* OoQtojgy <rf Pw 
vim Oft of 1 ftanic *Mid t) in T^bfii ^niciicr n;t Tndta ^ 

rf t {out of j 2 f»fi/).’<^Antbraoolitliic ?<iiutn f^m Si^iiiiiYvtri Aiitftiwttr Mopb^s 

AntifiPim (Nainadicuft) ip Odd&vari AilovInOY 'C^ptasftic Fauna df Tropftoft-Lii^woile 
of B;^iift Ambly^omto \u Kashmir Kflftci^Itindoits Hotoa 

tt i — flhitamy notwos of 11. JB Airflicott and W T. Blanford Kan^pra &ath8«4kb 
of 4th Apt A im Indo^ lo Volnhm XXXfl. 


VoL. XXXIII, 1006. 

iUftt 1 {out of pnnt) — Ifinaiai Production of Indi-i dutmu 1904. Plotfttocona SDowm^t 
4n Indian Faninsdla Reomit Cbiiyi;eB in Course of Nam^tn Eivar» Korthani 
States !^fattuAl Bndga in Ookteik Cteulogy «ind Minimal Kof^rooH ol Nainapf 

Oistrtct (Patiida 6tate) MiftoeUaneons Notca, 

/tot ^^-^General report for 190S liOfthio Coahneldt Noitliern Shan States; 

Man^ng and Mnrhaele Coal fiaWs, HoHhern Shan States, Burma MtaoellainiioiMi 

yiohn. r 

/'art d {out of pnnt) - Petrology and ManganeiwoTC Deroftifcs of BansUr TaH4l}, Chltmdf^ 
warn dlfttnot, C^ntial Provinces Oeologv of p*wt of valley of Kanh^ jStvet Iti 
Nagpur and Chhmdwara distncts, Centra! Provinces Manganito fiom Bananr HiUa 
Miscellaneous Not.es 

^ nt I- (jfff of pint) — Compo«».<ioii and Quality of Indiaa Coals Clatslficailon <»t the 
vmdhyen System Ceohifry of State, of Fauna with reference to the Diamond'* 

hearing Deposits. Innar. to Volume XXXIH. 


Vcr. XXXIV, 1806" * 

l*ort t (out of pn«<}-**FoaeiU from Halwtes Limestone of Bambanag Cliff, Ktunaon 
Dppar Tnaesjlc Faiuia from Piahijti^ District, Bnluohiskm. Oeolo^ of portion of 
Bhuton Coal Oomrenom ui Poot-ltljls of Bbutam Daodli Coal-AeTI; Cf»l outcrops 
in Kntli Tehsil of ^ammu State. Miscellaneous Notes 
i^nH S iou{ of print) —Mineral produelmp of India daring 1805 Nummullioe DouviBei, 
with rontarKS on Zonal Disinbotion of Indhm Nommolities Auriferous Tracts fti 
BonUmm India. Ahandomnajat of CoUierieB at Watora, Central Provmoes, Mts 
crilsii^eons Kotos. 

Part S {odf o/jmfnf).««^B:udoai<m Craters in Loerer CMndwio Distnot. jhirma. Lnvaa of 
Pavagad.lBW dlihbsfto with ManganoBeroje from Taleyai^ B^um dhfcrift, aitd 
froth DhakowJi/ Batom DlstwOt. of Tertiary l^stem hk Bind . 


m I 


Vofc xttv, mf 

ir4^ {SsWgyo, Kovtbsm SIButt &tU>4k Ckl^twasliiff 
I Sl|^. Ph,w Pnnrt^t tu Mntft ol 

fn Korth.>W«(t atnw^iPi. ^v^wKAtes mc 

' 












Vou XXXVI, 10O7« 

tm( i {o*u f/f fir nf) t gn if ^tudy of Ho^Us froia bill 4i#*u i 

rmuItMi j N<»jilKline Syef^ltas fiQ5pi V’wkj&mXM 

]Uad’'c48 Frcttidcn^y btr^tt^apHio^l Ppaihon of O^gaioOffttHi^ ftNlf of Mi^tin 
Vtrlu^nio ottiffUf*-! of Late TorUary iifce to 8oiitJU ntseowi. N« Sbiwo StoMk Kns 
nMd««r Lorn K Us nUu hi^tati FotiOo Carbon lioroos Plante fKno KaialtlBiir 

Part > II I 1 Pi M*Uf^ioii it /ndin during KlOt) ^^lYODomiefi of B»gh Boite 2|j»ceHi 
nroue JNntus 

M inni i sil in \ unniJ^^ mug ( il luld B^ma Pi<rfhw%tc ^dteils ; 

jTfiyniv Riots’ll m Venangvouiig od field flpper Burnm ^pooieft of Bondro 

phyflii ium T upoi Miocore of Buitita Stimtoie •»od age of Tao&gtlia bdl». 
Myingy lu drimt, nj[>|>cr Borma FossiU from Sodimafttary tooke of Otoan (Atrabia) 
Utbips M Kiubiti fiiUd, Diiper ButijiA Cretaceoue Oioitoldee of India Iho 
4*ibuUi Kaiiiiquakee tt 1906 Mi^telliueouA KoUe 
i*itrt } PfjioFutoid* fiotn Pab eiiidetoneB it Fort? Mitnro »u5d from Vtndhyau 
eeiiea Jtdette in Ka hin HdK Upper Bitrnia Wetchok Vedwn^ Pegn atilrfop, 
Mufv\i distrul Ipptr But mi flrn^up of MAoganatrs, rompm^ng HoB^ndice 
PdonilirK 4?il im rnddc Oituittuto tf Wnltiinii in N tgpfir fiistuot Coidul 
P/onrr«»e MmreUmeous Moles Tndti to Volurno XX<VT 

voL xxtvn. liioBOd 

/»<?/'/ 1 ( vt iff punt) flcimnl loport foi 1007 Miiietal Fiodoehon of tndta donng 
1907 <l( Mini lire of ifi itnl limildeia in Blmu loitoiiion of Sind.) MiiuHaneotir 


Notes 

$ (e^f of prtn/) — Tirhiry ^nd Poitleihaiy Freshwater !)epoeit8 of BalnchiHUn 
and f^inl Geology and Mitiera! IWonicoB of Hajpipta State Staitabihty of mndr 
ir* Kapnabal IIills for rtaes manufuctare ILhree near Manganejne hearmir mlneralR ~ 
Vr« bidtogtli s t ijn» U md Jildfi T dint^s fiom t rot til Piovmcts 
noottt Notea 

Pari 7-~Soath<rii part of Gwegvo ITille hk lading Payagyigon NgaahandAime Olbileld 
fiiherload mines of Bivdwm NTortbern Mian States M[nd volcattoc^ of Krakau 
Ooait Barma. 

Patf i‘‘Qypsttm Detwisita jti Hamit pnr district UtiKed Protincoa ftnadwanAa ml 
lemtcd ininne sediintdify system of Kashmir MticellaniKms Notee Indoit to 
Volume XXXVII 

Vm XXXVra* 190910 

Part 1 Generil lepmt for 190B Mit'eral Pmdiietmn of India dm mg 19091 

Part ♦ (out of iitnf] - 0 trca tilueftigind^ ki •• Yeningrinng Stage of Bitrma China 
clay ind Fire t la, deposits in Tla*in«hal KlUe Co if at Aniinrria m BaimahAl iii8« 
Pegi Tidu'r at On % M igwe distiiet. Upper Rtinnia Salt Deposits of Kajpntana 
kliscellaneouB Kotwe 

Parf ^ ^neology of Saravriu fhdawu), Mektan and the State of Las Bda* Slppttrlie 
healing Liifoeitoni* ui ^ei^tan and Geology of adloiping regtoii Fnitilialdn ftem 
Afghaniitin 'Mj^eHaieous Xotra 

Pfi t !f Geologv and Pr'^apecls of Oil in Waatrm Prome and Kama Lower fiurme Im*- 
iludmg Viimavin, Pidiimg Tiungbogvi and Zmng^ BerorwlMioar of Pegu 
m Burma w tl rctfi <n fiforl'^on of Oil hearing Sir^ita (hic1ii«!ln|r fjealngy 
Paifrhiikpin Banbyin and \okmincm) Fonid Fish Teeth Pajp aVatetn Binmia 
Northern Mit of Yeiiang\at Odfield fion Oi©i of (Nbanda, Central Pwviftieee 
Owl >gv of Adon Itmterlaud Pettologiral Notee vm. rocfcA J'aar Aden 
JTotassio Fouaik near ^den MiscellanMiri Notea Ctnaex to ydrome XXXVlttv 

XtXIX. 1910 

QninquefiAt'^l Bevmw of Mineral PrmJuotio » of India daring J9W to t908 

Voa XL, lOlv 

Pmt j -Ppe Carbonifermi'* Life Piovimw Lakes of Range le the Pttoleh PWH- 
mlnary snnev of cert m Glaciers »r fTimalaya J) **Nntee on t’eijMti giaclorg in 
Sikkitn New Mimmtthan Genera and Species ffotn Tertinrlea of tndla 

P/at 9 Oenerd Deport fo^ 1909 Mineral Prodnctloo of India dorino 1909 

Port '’-GiocmI for IW Mineto} Produolfon of Tpdia dpUng 1W9 

Sihiritin fr >b Sequeme in Kashtnli Foiiasletla^Hoeidng hMs ixt Kedkdnr* 

Ptrf t Aliim Shala end Altim ^fanofacttilte Keliib»i0t IfluaWml di^^l, P8tl}gt)^ Gm\ 
lleld« m North Kasteni Assam Sedimenterjr Depputioo of OR 
Note* tndrv lo Volume XL n x 


Vox xw t9ins 

f^vtrt / \irt aid ron+mnotion m Defith of MangattOfiOrntpa of K 
CwUiil Pnvmeps Mani$afiese ore depn^ita of BifttO, 

Notion <f Miidife Senw \w Tucha IMucnlR^ait of 

Idenntv tf Gdica PiomcusH. NoeUmg, trotp FMo Syitom 
rHtfUaKTna, Fmhwald Mvocooe ©f Rnrop© Mr X », 
Tvoteai 




/ VmUi AfghftiiuiUxi . 

AfMl KsmU^; fitKAioa* M Bgm- tfii4 , 

{■ttt s.r^fMjm .-' 

*-"£^1 ii^ '^Ni^ut^Mk VtiUeyi ypi^iRf A«iifci», •: 

/',!ff »l?iegn-%<^ie Sn^wion , iu Mmba -Divtri^i^ .itbfu^' Nff©p©.. .Gcxitkji^'of 'Heiazada 
Distnflif ifurm». dooly^ dJf l^oBar La|K«> with uoi^ cn tmaa AodA DifNMdk laW- 
naiioh4 . ^logical <yf fiHickholio. Mia<M)aDdona Kot««. laddx to 

VoJiuhd XU. v/ / ^ 

/ ■' '-XLtt;, -ifta;;.' ;,; '; ' , ■; '^ , '"■/'■ 

rarf /.--Survival of dy©t«r in Stlitrlaa :^ . 

BlodiU §tmk G^ldN^Aariag of. Moi^ S^oog/ SMU^ 

Noitherir Shim Stat«^ Bomia. Zdajr. 1^^ jtV6td$. ' 

;V f/ ^.-^ogoral for XttU UoOtjriodoooOa Leat^os.frbin Coal Mooses of Amm 

hirfr inditi dtudtig lG3dontA:8^«B. 

/V/r« JdecoaiiMtiii^aoo^^ thi^ogfa 1>©ho«ig beii^ Goologio^ ttosuHe of 

aW Ox^odHioii, $raV 0 rw Across tho Nogik HitU of Aaioto. tfraiao 

AitottUm, STot^. : 

y<fi^ XLUL mS- 

Part t i&ut 0/ Hi^ft *foi^ 1912^ Uarn©! aa a Goologicat* ^aurmoto^. 

Woimttilto til, IPav^ Bonaa. MiiiooUaaooaa Notes. 

Pnrl t^rodiimoii of lodia daring 1212. Bebitiotidbl|» of tho Hiitiaia^A tW , 

Indo-Qangetic Pleifi aad. the. tndiaii Permisula, from Kaidioiir. 

i^art ,^-^Cidfttribtdifais to the geotogjr of the Peoviiicib of Xfiahha id WeMani ChiOilt I; 

Amt it «itfdio^ of voi<»Loic luoiu oi 
I'hO KirMia fiSla. Behiwaf 

Pm 4 Atfavium of pKhidii^ta JUvit ood Tribbt^et. GbrHd^toii. of 

Stweliks wth Manm^al Horigoos of Eaf;^; Cooti^tkms to itiO'Ceotogy tg the 
Province of Ydaiaaa iii Western China.: ItL Stratigraphjr of Ordovldao and Silnrifia 
Bede of. Western with jProvkioaal Palmoniologicat Determinaiiotuk Nous* 

on **Cdhaw‘Ocrinu^ Asiaiicuif'* tixm Burma. 


VotM Xyt» WJ4* 

Pm L*^'^43/9si^9l Bu* 1913«^, Oarb^aceous AiimBte from Bajputaue. NemiheUteii 

as Zone Possfls, with drsor^tibn of iibme ^rmose spedea. 

'Ve A>*^Ontnhiitions b the C^ofogy' of the PfoVinoe of Yunn^.in Western Chiv^r. 
IV. Country around Yannah -Pu. 1>yke of White TrOp fhoxh Feh4l Valh^y Coal-Md« 
Ohhiildwafn , 0letriol» CebtHt . Pfoeiikceft Miniwmt ooncetsiohai thtring mS. 

PftfcokfciU ..l>iattict, tfp|*ef Bui<!ma. the Monaaite 
%inds of tVavaneore^.leiwer Ct^aeoottS Yaim.a^ tttm Qleumal Sandekeie and, 
OhiUdtn Mies- IndafOtoa eaiihontanae FBgfiin. Poiore Beheading of $m and Her ,. 
Riem hjr 

Part .A>*-?Ba]t Boposita. of Oie-ludus Sidt^ .Range. Tooth taferahJo tb I/Ower Siwahk 
0»e<klonv gimies Olasoipa^^ Olaeihta^ of Pfaauti and Lisaar Valievs, KuinaOn 


Volu XJhV. i2iS; 


Pare yt Moaiyaii Beds of BttrOida Miseet* 

Part 1914. Note op Stvaeluiriia pod Pamiunchaerodfis. 

Part Fwiiitctioii of India, duHnd 1914. ThNSa New Indian Meteorites : 

Dpreahunt 


IfeM^ CryaUM^l^hndl&t^iC bjUdongri, Unutraf India. 

Port of fibrnt^S Ajew ' Kga^f^w CeOl^ ol ChRral, Uilgit and 

/■' \ 

-p'.iriqueaftiiid.- \3l .liidin W 1009 to'lftLA 

Part Biriidi. Misceilaneos^ Noi^. 






wMwifnt J0istrict>, Oeatrtl VtoUtum, 

PrMi^ioiik; of India; doHiw ISfS. 

l&Kelto OitiKiiMR wilA 


. A fotttt puma 


> 'j'^v ■“ V ':* ■ ■ ■ ■:' V'V*' '.' ^ ; "If- ■ *■ - i”. 




Vw. Xinih 1917. , 

for idl6. A revised oi tiiv 

Part Vroduettov ot lndt<» duriotg ldi6» MamoiAl ^crdlMiixdM 

oi 9UaUk« Mt " « 

Pare d f/)yA(^]lograpIiy dtid Nomenolatui^o ol HoHandiiit. Oool<^ an^0t0 ^ 

LUw iv/j Mines JVii64-'ffhnc<inh Nntes f* * 

/W/ 4 - BiniM HdU lu E^tem Kajputava Origin of £h« (A Bui« » 

iVnirttl 1 vine 418. ' 

VoL XhlX, 1918-19. 

Part I Report fir 19)7 llMitarlte jD^posiis of Ifavcy. Jieil feahuudas d» 
Ba^lj BedH. 

P*tft £ • Mineral Production of India during 1037 Bnpport of ttonnMiM of CWn) 
Asm 

Pa^i 9 --Biiuoture and ?$traligMphy m North Waai Puniab^ AquanarM Miooii of 
l^iKistai) dninangol Kaithquako a( July Bth, 191& f 

Pu^t i 3*ussil)le Oc4*urrence of lotroleuro in Jammu Province i Pfultlniimry Note on 0* 
\tr Butllian Dome, of Kotb Tehsil in the Pmif'h Valloy. frAbmatgofl Poreeta a* 
liomUy. Infra Trappeans and Sihcified Lava fum Hyderabad^ India. 

VoL h, 1919 

Part f General Kopoit fur 3918 Potaah Salta of Punjab Sab Hange and Kohal 
tlntfin ond Ihstorv of Kork'&alt Depos^te of Punjab and XobaE 
Part y-^Tungaten and Tm in Duma. Tnclmation of Thmt-plane between SinflJtk and 
Mui^eo aone near Koth, Jammu Tvro New Poaail Lorahtms in Gimpq HtOa. Damn 
Sulphur Mi 8< elUiieouH Note's 

$ {wt of print). ^Mineral Piodnction ol India duriuff 1918. tlgattopoda Fduna 
Old Lake beds m t^er Burma. Galena Deposit of North Eastern Futao. 

Part 4 ->-*Pitohblend6> Ifonasite an4 other mineiais fioto P^chMi, Gaya dietnet* Bihar an t 
Oiw-a Natural Gas in Biturninoas Salt from Kohat Mineral Kfieodrees of Contrd 
ProviurtK Mw<*€nan(*oas Noteisf 

Vor, U, 1900 21 

Pfift f «-Gene!il Repuit fm 1919 Pi»eiido ftyMals of Graphite fiom Travancoic 
JMijier'il related to Xenotime fiom Manbhum Distrut, Bihar and Oriasa ProviiUK 
(^'oa) Se«ini« of Foot Hills of the ^^ukan Yoma, betweea Letpan STaw in Pakokku and 
Ngape in Mitibu^ Upper Burma Observations pn “ Phyva Prinecpii/^ SpWerby and 
ou a Oiomd Sponge that buriowod in lia ab«B 
P^*>f t ('lAAsinratioti of fos-ul Cvprg^tdm Sulphur near the confluence of the Oreakr 
Xah with the Tigris, Mesopotamia MIscdlaneonn Notes 
Parf Mineral Pfodnetion of India daring 1919. Biftsalta of a EeViaipii of Dr.^ Noot 
hngS Beocmd Monograph on the Tertiary Fauna of durma. Maritui Fossib o^eeted 
by Mr Pinfold in &e Garo JliUs 

Potf f -TYlnstrated coinparattve Tlia^ioses of Fossil Terehridee from Burma. Indian 
Fosftil VivtjiaM' New f*>»sd Umonfd from the XnU^rtrajtipeen 'beds (d Paniiuiular 
India Tjnipiitd^v> from the Midoeoe nf Burme. 


Vot; LII. 1901. 

Gmo^picnniat Beview of Mineial Produetioii of India fo? 1914-'' 1918 \ 

Vor. LfiL 1921 ^ 

f^art t Baj^rt for 1920 Antimony deposit of TbahyUi Asnhami diBtrioS. Aid) 

mnny dejioftit.s of Southern bNan States, Geology end huneiial BM^Vees Of Eawte u 
Pereiiiv Miecellaneons Notea 

Pa/f f -Coutpurative Diagodses of Pleiirotuoddm from Torfiary Knrn^oo of Buwwa. 



Part /r^bitimry : Frederick BicHitiOnd Mallet, Mineral Bi'ltta dpdog 

3920 Mineral Heaourcer of Bihar and Oriesa ^ * 

Pnr/ f -S^»tigrB|>hy uf tho 8inga<teiitu4^ AMMlt ft Siegi^ ftiaUL Spl' 

pUur Deiionte ttf Sottfbein I8etm« A Z(»»>y«ib|i{} Sfinw! 

(Megatylotos) Birmaiiica. « , ^ ^ , 

Von MV. m A 

Putrt^f - G«nwd Report foi 1B2I CoMtihothma U> tlm ® 


Yuaintt in Western China ‘ VI Tvaversea 


Part 



Ideological Bostdis of Moiini Hi 

of Wolfram bearing Xone in Burma* 




oiKiwK tito. 

■J»wn .Va«»v- ivom Cboa. 

i>«neatlt itioMnonQl^^ Oiaiinn^ Notok -.. 


houkis^M '-"MinL- 
:'iit -th^ 





ol 3onk«, ’ 
j. \d 1 Travertw 


:/ i.--<jfe»IogyMirf ‘W® JiiipGLr. . QeolQgi«al ftrocft AaSW . ta 

iliroagh Hulmg Myitkyiaa tp Noctkgna. PutAO; lutd fllyiC^ina lo -TOift« 

Tr^xiuerl OligooeiiQ: l^iiaoidea' eoJlam by'Eao Bahadtir iS, S^«> «taiiia ma iu .; 
liurmar. Min^Al Hewmreaft iColhapnt State. Knfighfciv bijcI MwmeV^^S Ore 
Depoeitv, flh»n Biakka^ Buma, 

' ■ ' " ' ■' 

^ Qeblfittieiil latariffetaticttt "of eoipa SMikt 

Goodetio I|%ve«tigatt6fte (being a aecoiid AppendjJc .tq Uie Meapott* <Wi tfee eti^uctuae. of 
* ' * “ ‘ Oangetic Piain as elucidated by Geodetic Obeeryatiofie io 


p>ire i*-^e»0Uh Jftffiwwet/ibr; Indkn 'fertiekjf^: 

TtkrhxkeQldm;^ Ol^iodtoiidfle, . Sinplkitiim;. Nawilde^, 

with short diagnoBM of new qieaes. ^ 

Goodetjp Inveatigattooe (bf' ^ 

the HimaWas aad<b{ the 

India}* > ' ' * . ’ ' - - • IV 

Viift f.'T'Obitoary ; Ertiesi (Wa(!^n)‘.‘Vredenbargi FossU MoUos^ from OibMe^uree of 
Dawna fiilla; "TeoaseeiidnL Armpiui^ JDi&osaar itom, lAmeta Bella of Jehbolpote.^ 
Fos^ f'orikie of Placpna. Phjrlogi^V Of sOxtoio Tm/binelHdM* Beoent'. Fkdla of Aero^ 
Utea in India: Geology of . gait of Khasl tind diabtia* Aesam. , 

Pffri Pxodnetion bf India during 193SI J!#igiutio Qm ki Karwa ^rrUa- 

lion of ^Kaibpiir PaU€^« Basic and •OUji^‘'fiaeia Jil|anbei», bf .iha Chamomte Serieft 
in ^6' tTeuawd Pkrpvidcee.; v Ohma Oby. of. Kitt^p| « Shanapl^r,^ Bisericiw 

Pt/ri Albert Ilayden* :with 

a Sheti^ pf \Oeoiegy cl Nelghhwhbbd. Froviflfoilat of: Palieoeolc and Hfenoaoio 
Fossila cblleeted by Or* Ck^gin ^rown^n Fatj; of .thwf Uetebnie Irone in' 


Bnjpntuaa bn S)th May Jm. MisoeUanepu* Mote. 

;v5«^' ivi, -'''.v /'/ * ' 

/W*'i.^^feneral''Beporb for • 1923. Mbei:;M'I)e]^ita.p|\Bor»^ / /;*,' , 

/Vrt y^*-4tlneral Production of Indio during 1023.' Soda roeke d£ Hajputana. 

P/irt 5.**-Gyro]iie and Oketiife f iron) Bombay. Freahwab^’ Vibh fropi oibioeasurea of Bawna . 
Hilla Fossil Ampallanid from Pooneh, .Kashmir* Caleareous Alga beibngmg ^ta 
Xriploporelless {Baaycladaoefle) '^ffojgri^rttaxy pf Indiat fi^rotb Flolattoii ;ui Inaian 
lud Ei^ptionebtf AririP^jOhCb^ Creiaoaods Fbeajih* fi^m 


Obw- .Bubbrn 

and'-K^tk^asa^', . ^ ^ , 

Pari jf.w.Meiim;'Me|ebnb.\'xBtegb,d^'Gii|«e8^ Jambit'' nndl'' ' 

Fnwb^W Poe^^l , Ill<:)lJfn^i<a^^. incjfei Karee^ak\ of Kashmir. Bik^meae Bigtiilea itom 
'HmiaiSf Afabiyp^' Sait 

;.■' " ■ , ■ ; ■' ‘ ' •■> 

Part l.-^nesrai , Fossil Tree in'Panchet Series of Lower Gondwaiinf ^ 

near^Afaim^ with PhbiDab^ioaH)^^ 

‘ i Friikcta ’V^Siam 'talker. Fosslbiiities of finding conceal dd ooalfieid'.' 

_.w wmmbleVdiA^ I^WsWency-, BaejdUhg Laves pmtnited fay des^ 


i>aft A 


i‘nrt 


C!piisfit«itiiia» nt .'iid, ea^cwfik j 

' NmobSI'-'' ' ‘ ^ 





, . <i» Vi. . 


i.smite«>Aagite Series of Pyroaeiies, 
P^gouiio-meslng Bolerftp Iraa . 


F^ltm dii Kasidsir rt des Paiairs.' Addi; 


ion off tike Cyprisidm. . P'atrology of 


yjimd deacriplbioii of iaignr foramio 
rpOws) of parts of Weeferii India. 












V«. I>xxvn. iUO0 (pW« ol emfUt'fx^um B I^J; .MdugantMl^ »t 

j'udja: JPt. I {/taof.friht) (pi^» 3,U».)r 

Pt 2 i>‘.)it (■/ itritti) (jfwc 3 Pt. 3 O'- -- 

ils,), tomomicB BBtl Mining; IH- .4 '(w< 5 

Jidftrnptioii of ik'(>oi5Uw- , ' ^ i '; • 

v;it. A^X vlfX. MO {ptM 5 its.) - Kangis iSfirtUqnal^o ol 4il! Apnl 1906* ; •, 

\(iu. ■ ;*.AXjX i'l, 1; lOji {[ftkv 2 Otuiogy of NoHliorn AjEgi^wiisttii!.' Pt. /. 
Jl9J5’(;;nf<!i i5 Bs.) .‘ Geology of NofUiOjrpL'Sbnn Sifties,, 

Xh rt. l, Jyi2 {out of ftiM) {prict S Jla.) : OH FWds ot JJnrtiiff. I**. :. 
Kfl4 {pricti : Petroleum OccurmcoB of Aj»am artd |fcju-^> 

Pt, 3, J92U (out of print) (price 6 Rb.) ; PWolouui in Pndjrit' .j*m; 
North-W*}&t. Frootior ProYtnoo. . : 

Vof, Xt.l. IH. 1, 1913^ Rep. 1922 (pfwe 6 lU.) s'C-oal fielAi pi », 

(price 3 Hb:) ? Ocuiugy #ln.d Goal ilcaoiircw of -Kpm 
ProviticeB. . , 


till* Geological Survey of Ifidjiai .Cat<^utU, ' - ■ ^ ^ 

SMV. rt^ I, 192r(//nV<; ,5 |k)'; Geology of- .Mar fJtiUc. -2,^^ 

6 Hs. 9 A$.) : Geohiv and Oro Ja^bUs pf TavVvy. ^ ^ 

XLV. Pi. 1017 (price 3 Be.) i GeoJojjty ; of . an'l 

adjacent districts, Pt. % 1{B2 8 ; .GweRor, 

Systonift in Sdutb-Eastern Rajpnt^nar/ /, ; ' . 

Xi.Vi. Pt, 1, 1920 (F/rc 3 Rs.) ; EWthfHi^rfcy 


with a tiovieion of the Great Earthquake of t8u) iJolrje. UBT. , . 

Vot. AtVil Pi. I, 1920' ^ Rs.V; Mines and Mineral R(iwonree«M;f YuuruM 
Pt, 2, 1923 (jjrfce 4 Be.} : The Alkalind aitif the Soda' Indtian v 
uf Smd. ■' 

\LVrn. Pt, J, .19iS (prkc 5 lis,)r Geological ‘JEi 4 te.< m 

epecifd referonces to Gecnrconees of Pet^otenm* Pi 
. 3 Rs. 12 A<l): Geology of PaHa, of the ICrsiiwPPjrdyih^VW F'lrN 

Kerman and LarisUn. ' ", 'V' > 

VOL^ XLIX Pt. 3i 1923 {prke 5 Re. 5 As.li ’^Phe BaezJte aiid .Afuiaiind^^ LhUi 
ooeurrences uf India, ■ .C ' 'C X 

Vi>L L Pt. 1, 1925 (price . 5 R®, 6 A®.) : .BoscrfRUai^'^of JloR W'iM Poi.»- 

oocono Teiiiary formnth>a 4>f North-We^t/efn Indian ; , 1 * 

Vou XJ. Pi 1, 3036 (pria 2 Rs. S As.) ilmli;t.n Geological TfermiudlogJ'. 

V’<»L. Ml. Pi 3, 1925 7 Rs. 8. At.); On tliia Ideological S^uetttra ol 

Karanpwra CoalfioWs, Rihar and Orlasa. ‘ ^ * . . ’.; 

^ilentt and index to Momiioirs, Vole l^XX ^nd .Vuts. JIC4^I XXXV*; PriiSe I'iropce ca t' 



PAU0NT0L(M5IA INDICA, 


INDIA, 


i A 111,0— You t tkA OaotMlopKia pp 816, pU. W (6 tkmbio) (ottl o' 

V.-*Voit. II- Tl'S^^wteopodft (1867— 4>8), pp *ut, 500, pit, 8(1 (otnt o/ 

VI— ypti in. 'mfil«»podik (1870—71), M, xxii, S&f, pis 60t, 

VIIL— Vpb. 1V» Iho BraeMopoda, (/iliopudia, Befiiii^eimaU, Corda, 

— ■»), Pp. V, 800. pla. 8ft. 


«i«. (1878 



i, 835, pla, 72. ISOS'Tft- Pt 1 fow^ of ptmt] 1(6)6)4)141 Oionp, Rfti 
jitafadd Hil). Pd. 2:, J'Ae toms (eouttjiufj) Pt 3 PI win from 
QoUptlU. Pi. 4 ; (htUi«c8 oo tha Madm C<M»t, 

II, pp. Tit, 116. pis. 86. imATA Ft. 1 ; Jtimato Ploia of Koch Ft 8 Fiota 
of tno Jabalpar group 

HI, pp XI, 644-149, nlfc 80 (« double) (I— XXXI 1 XLVHA), 1879 SI Pt 
1 ; l^be Flora of the 'relUiir-Karharlnui bode Pt 2 Ibe )<lor4 ot 
the Dimaijo aud Panobet Otylaiona. Pt. 3 * TAf Mane UontivAtd) 
l \ , pp xxTi, 26f66, pla. 36 (8 double) (I— XXI J-IA- XIVA) Pt 1 (1882) (out 
of prtfft) i PobmI nora of the Bontli Jtowah Guiiivraita ban A P( M 
(lw6) t Feaail Flwa of aoiue of the toalSelda m lAeatern Bengtl 

(fSuh IX-V- ,TUB^IO~riUNA OF KUICH 
1 (1873 76) The Gt^opoda, pp.. i, 347, pis 60 (6 double), by W Wasouv 
J l, pt 1 (>893) rhe lidiuiaidea of Kach, pp J2, pfi 8, by J W Gun lUt 
(out of prmti 

TI, pt. 8 (1900) llie Coiala, pp 196, 1— IX, pla 26, by J W OkaaoiiT 

1 U, pt I (1900). The Bri'ohlopoda, pp. 87, via. 16, by F I. KiTCurt. 

Ill, pt, 2 (19(D} T umidtibmn^'ata : Oeuw Tr^gonia, pp 127, pla 10, by F 1 
Knoonr. 

(«wi IV.V- INDIAN PftRTBimAttY VEUtTfeBRAYA 

1. pp vt, 1.37. pie 26-. 186^.^ Fi lji86b): 'The Vev(«^to l^tia from the 


_ - _ — a<ui TT. i a»w»'i»wn,. x's, .» (167^ 5 Beptllia — 

Batoaehia, to R. LxnncKKa, Ft. 4 (1886) , The tAbyriathnduttt faun 
the Bdoa group to R. Lvbtejtgu Ft 5 tl66&) The Keptitia »<>•> 
Ainphw* M the ]Ki)le»l and tham* group*, by B I.toiixx)iit 

in X)- 4l»mAN TRRTTAlllr AND FOS^-TKRTHiUlV VBRTBBBATA, 6p 
B. RraBKNF®, eecept vou I, Ft 1, 6y B B FOOTK 
1, pp XXY. sob, 60. 181M*80. Ft, I : lUilnooeroe deccaaeneia. Ft- 8 . Mol w 
leein aad tiQiat rdwafue of Maajntalja. Ft 3 1 Omnia of Rninfiiauie 
. Ft. 4t ^tq^leotept to Ft. 3. Ft 6>. Riwelik itod JNaitoda Froboe 


Ffe ^ ^ 

ttont to 


irr, pp. 




iiridto Fir 4 i BtwldaK. Ctoii*li>p4r4»Iid»i Ft. 5 i Siwalile 
itdha. ^ Ff. n: ^trallfc and Narba<M Cwwivora , 

. 1084.^ Ftr 2 (Jwt of pHut) I AJditumal (Siw.diir. 

* «tdl RntSseldi*. Ffe St of p^) Riwahh pnd 
Ft. 3 (our of pnht) , Bodente end new 
' ^4 1<MW w print \ : jSitradik Rlrda. 

TMb wm Fmra lelaud. Ft, 6 

|^S&|g 3 SE ft I is ^ 

a» 

ei4..e 



(Sm VII, XJ S'.)— Tlffij J MIY /^ND UrrBU CnBTArjeOTTfi WWA 05P WtetFft V 
IM>«A, /-,v P M Ml'j IN TK'Nt AN tm^t tV PKH«V ««*|(| V*. I, 6i- I 

J, jMi liVtlO^-JiSSj I pl» 6+28-lfid »*13 j* 104. IWnhte, IHv t lout * 

pruit) i Ttaiiai; riabH lt«in Stud And Pt. |i (lUAiHlR t II. >i 

/(Will Oorftis ftutl Ak.y«u»viA, tw P, MarMu DwaMA, Ktt .1 

K(*t>moLd<^a of Biud , /♦ f^HHuikanit ll^OdAf S, >4f 

in ttind ; rof. if, Tk» I^Vm^ to* 

I’he Nail (Oligocf^p) Sauoi^ ^’n*. ^ TP^ (Miop^) Fa-t 

Ylie Makrin (PJiooetio) ^eiiee; by Chmoan Ft. 4: 'jii 

Fovgil Kohtnoldea of Kuch arml KniitywolTj hy 8l4deii a i 

Stanford 


l.-Mfi Kin y S\Ll K\Nr,K KOSSILS, WaiiUAbl WAAfSIiBW, Ftt.U 


rmluitiM G'oup \%'l 1, Pt 


I iJKT, . . . , 

^ (l)870> Fitroa^, rai»ha1o^>oday Wy pis 6 
9 nM) jiid ftupp&iKmtii lo ti ) 

pp m pK W it dbnbH (Ml 

, .1 P^UfeyitttdA, »p m 

8 (xvif~x»ivj 

, ,, ,, 4 (1882--85}. BmKiopivIjft, pp* ^ <3S!^7/( 

pli». 62 (xxv— Kxxvf). 

f, S (188^). Bm^to^AondUdfla-^Sohinodorinii^ i 
pp. 64 (773— r834) pla. 10 (buaivii—xiu; 
j* „ , „ 6 (iSfe) C^Uinterata^ pp 90 (83&--^^), j^l 

20 (tcvn— cJxvp 

,,7 (I8d7) (■’oftlonfcarAtH;, Plrotoaon,, pp. 74 (92^^ 
m\ pla. 12 (^tvii -cxxviti). 

from llie C^aiatUh Formation: Yol* IT, pt. 1 (1895) pTseoa--*AJKihlQAC <i . 
|i}i pN 40 I'ifJi of prints 

fliH-iloctic il Hosiiltsi : Yol IV, pi 1 (1889), pp. pb 4 (iHif of priaf). 

„ 4 . .. 2 {Vn) f>nu-242, pfa 8. 

(H%r \V )---liUfAT7AyAN POSBITaS. 

Wpfiot tnaw' auU licisjiic l*iun?s the cwm>Hc blocks of Malia ^har In the Hbol Mai wt 
of Klim ion Vo^ J. pb. 1 <1908), pp 180, pl» 16 (1 deuMe). by I>r C. Dieiicr 
AuthracohihiC Fos‘'iIh of KiOimu wid Npiti : Yol I, pi. 2 (1809), pp. 96, pl«. 8, b^ 

( ' OuoiM 

Tlio r* rtnorftfl>oruf<rton‘ Pmpa if rbitichtttt No 1 ; Vol T, pt *3 (1897), pp. pb * 
b\ (h P, Thener 

The Perifdaw Fos^la of ttio Prodnrtns Bhiloi of Knmaon and Cfarhwal : Vob I, id ^ 
(1807), JH» M, pb 5, by Vt i\ iricms. 

fho i'ormian of t)ic Hiowl.mR Vol 1, pt 5 (1903), pp, 0O4> 10 U 

Hr C Dir>fi«*r 

rhf» (bphalop^jda of the Luwtr Trias . Vil If pt 1 (1097), pp. 182, pb 28, by Dr 

Du fior 

The CeplulopoiU of tho Mimhelfcalk • VuJ IT, pi 2 (188'*i), ppw W, pb. 81, by Pr P 

HpjvT Trl«<wiir Oepb'ilopoda I anna* of tho Himalayas Vok IH^ pt. 1 (t89^> pp 
pin 2?, ny Dr ft \on MoiMst^Aba ^ ^ 

Ttias Hraihjopoda siaH lASimombianchj iU : VoL IXT* pfc 8 76< pta< 1? r 

iloubfel, bv tloMuiiler HH JO» 

i h<* PaMOa of Ihe fipiti iShiles ’ VnJ TV ; "FsihC. 1, «« lASL mm ^ 

Fijic 2 % — '' 

«>\ 1)1 V 

pis 7; by . . . . ^ 





Shelf » 


Iho Kanna of tie Tiopitea Umo^tono of Byaa^ Vi8j* ^ J 0^** 

pp aai, pU 17 (X double), by pr V ^ . 

The baaim of the HiinftUyan Mnacbelkalk S Vol V» Mo. S PF^ 

ids 17 (2 dofiWe), by Dr. C. Pmiier, ^ ^ ^ 

batboti iUittu' iwd Norio fiTinie ol Bpiii , Vol. V, ]$<}. 8 ^ 

tlnable), by Pr, C Dlrnof . ^ 1 

i^i.vrrr 'rixa.di CopHUop^^da fw»m Bpiti, JobaiT aDul fAb TtfciSffiln* 


No I ,19Dfti^ pp 186, ph» 3l, by Pro. H* v«n 
Dm Krttma t>| th« Traomatoermna td 


(inoo). »1» 38. Ifta, 5, by ®r C ^ 

Vbs CwnbrlMt Fuf^^ta «/ S|>itt . T«1 vd/ ± 

F tt U. ‘ • “ -VZi-Wi^lVW^-' 

t)r4n%iu*n will losltls Imn tlw ttlwalfljiwi KT*C|^y“’ 

11912J, p». MO, rUf. aC, Iqr F. II. C. ft»d. ^ 7r ’ * i'k 


(STB XVl. 
Tba F*9 «)ia 


i.)*-nAbocHTS'rAN Sim 

Ute K«Uair»ys at ISJ^ VtSt | ^ V^’'^.410§ 




. .: Kauim «f' u»' tltrtfM'Mitwii> 




ft I^r «ifigl0 Pl»jui, i; 

' ' . 3 / ; ‘ •; •■; V ■-*;'■■■'■/ ' ^ ;,:-4 "V;? '•’ « 

t ' iyFfltoAtif 1 nur ' 14;' 1 ^. : 1. ^ 


;.ft Canulbt^ Fl., 
by FL fieiUi* 
on ifie Hor 


it*twi|(0 V'V4^/ t/ Momoiy I )p|K Mx ' 

' Ptf%FQd& : VcL I, Hmoh % (IBOi^r Ipp. p}»- 4. 

.. <1 tl-T*Jl A. .r ■ » 


by Ehr. Frits. Prie» 1 Ito. i Afc • ^ 

j'.,‘!cj;i of -Die Mloeone B«d« of . jBqrnui s VoL I| Memoir 3 (IQOl)^ pp: 37®, plr* 1®^ ^ 

i>r. FritR Mootline.. PritJe 6 Bi. 4 (wi of primy, / . « t tt nr > -i, 

< »i.;i<i»'vations nor aoeUkuoii Plttiitos FoasiloH dea Lower Gohowatias :' vol. IT^ ])|e|ntM»|r f 
(1902), np. 39, pli. 7, by B; Zoiiler. l Re. ^2 Ab. ^ « 

iMTiio-Carhoiiiferoua Pfenta and Vertebrate* . from ICaabmir: Vol. 11,. ^ 

finnrv ' V 1 * #« . ....wA T\^ A O^MSAlk ^ 


. . j FitiS-rBinaiiwii Jrbt^ 6«d* o* Do»*8*8*!?‘*, ®**^**; 

Meguw.Ko.. 3/(180^.. u&Av pi. 1, liy.Pr. A.-^ih W*)odw»j'A I*']'* * % ,. , « . 

nat). i.K'»/>ri>'- ;. 

O- K,..P*I*rta- ^ Billj wAJS® 

as. W so. »«d. in*p, !>y 9- % 

lift ifem Ihft Ki^b : y«l. IV. Mein^ No; 3 


rhe Verwi’*!^ 

Lower doRdwat^'' 

Mp»0B^*VS5iu**fMm ^^'^Afggto^rarkiiun t Vol, IV, M«m<ii» No. 4 

l^hrtir’i 1 (1813). PP- 135. pl^ 13> by Dr. C. 

IMeow. P»li»3 N#,.4.A«.. ■ •,' _ 

Tho AnlihrAMlitbio ?•*!}»• . 4*. NortnBte;.' II 


(I91:5)v m , 
L*i Ob4^^4 at' 1 
IwXPydf, B 


mw %tid Spft* : Vol. V, Menukir N<v. 2 
-'**ricii 2 Rev 72 Aa. ’ ^ 

l(4wir No. 3 (191b)y PP* 32, p|s. 16, 


StgK, 

"*'VO|#(^-. 

Ord^^iw ^}f ® (i^WJ. PP *9. 

'Mm. i^hi'iMd. aai tho' Pftwlrt i Vrf. VI, MwiKdr ' Kb. 4 


Tho 


SSWt^i ■ .ftibwi;. iJWIwtf; ofliS Y^- 

- No>.'l".(l920).> ‘PP- P**' 7'- \ 
(1905). -pp. «, 

\. K^< ■'• " 

!(p.'3 \ia, th* .. ' . 

lonpfJ iVnl. yir, Moawwr ‘ 

'pp- isi . 

' S; '88i. 






KBCOKDS OF THE GEOLOGICAL SVRVElf OUWMA. 

Vat i. 1868. 

[•ail J (< i! >' /M»/j -Annual raport tor 1867. Coal^MsmB ot Cod 

MHtov* lfi"s I'o'iw Pnitnelkuud Meleantw, 

I at! ii It / pi>nt (otlkponu ol qoighbouHiood of Cbonda CoAl nMf. 

(aduIiki il itoto f)n ho fit (‘ollector4o Coph(ilo)>odiia» fbuna of fmtii Indiitt 
tloposit I Aid in lljiipur dM*uH Co«t tn Kiuttorn ^fdttafiho)* 

Mott 

/ </ •oit of pTtnf) - fatitti of ^oafch Tudiau ^Maceoito Not-fc-i 

fi fioin Pooiji to N AbirtedttUgK^tf* Jabtft, lfWnatt»| 

ind Jluijjaugluf Agato m i>Hocfn« of XTpjie^ God^vot/ 

Itoiimlii^ of Vi'tdhvMi Hirws )n Itajputfinii MoieottUs 


Vor H, m 

i\t-f ; [out if — V lilfy ot INHiTiia ri\eip West Bom Kiuldauah tuuil KnrucMtl 

/iaumtionv t<ootuL,icaf ikrlcii of htiUli<Og plateau Gold m ISiiiglibliOom< <U 
V\ell» it liuiriplugh Meteonirs 

I Hit j of print) - Aijmi.i1 lopott toi 18t»8 Vangsimti tocU tuid other species ot 
(h<J>ii 4 iioin JK viu do|v»8it^ ot NifbttildA V4ill*} Mot^morphic look^ »»i 

lx llw, j| 

hut ) {Hit of /w4fi/) - (voology of Kuiih> Western India Geology and physioal ge> 
^1 ipliv il Nicobai lolandv 

/*Htt i (out of punt) - Beds citdH mng ^'Jwdied vchwl m K'lBW'm PromOj BHhsh 'Rwtmi 
MinotAlo;;u \l etatistue of Kunaaou ^ division* (^laUiold near Chanda f^oad in 
Uiuou ilifitnct MoUoiiioa 

von III, im 

! Hit / (out of — Annnd u^Kiit 1 m 18b9 Ornilogy of nOigliiMimhood of iVtadu 

Mlnviiit (1 I fidn if Jiiaviidi, c« itiar^lid wiih Those of (iunges 

I^art 2f {out of punt) - Geolog) ot tiv^ihor and VtO nity Btatoe at Obiteli. Knoniot 
Load vein near Chicholb Baipui distiut. Wai^iina ttvo) ^al held$y Borar and 
< ts^n\n\ t*)o\ TiMo 1 Oil at Kaioi in lliloopur diatrnt 

i^art {out of print) - Uohpam eoal held f>oadoni at hboianabtidp Jabalpnr distiift 
Coal evh' of (*}i)i4tliHga)li hetiHut Bdaapur and Ramhi Petroienni \n Bi.nini 
IMirhmii ]« < ility ol Sudkal> mu Futtiinug, >^oat of ilawalpiodi. /Aegetjiffterniie 

f alena and copper ui Maribbaui Assays of iron oios 
^ {out of “-(jieoh>g> of Mr«unt ‘Tdla, Pttigab Cupper depdalts of Djtihhum 
itid ^ln>rbhllmu 1 -(oppir uiinoe ol Binghbbum * 2 -Copper ot Uolbhum and 
tui^ldhuin Mi U mil 9 

Vot IV, 1871 


V&tt 1 (oni t foint) - 
and of iikdK alums 
dll 


-Anniiril repoit Iw 1870 AUegod dibc'overy of opal near Qooty, 
of coal in C'uddapah dnUiet Minora) etutistioa of Jtiimai»n 


nil 

Vhu ^ I wt of , iti () -- Axi d gicmp lU Weaieiu Picme. Qeolc^toal aknthiiti^o of SottUiein 
Koukm Snp|(«nted oci.unem« of native antimony ip the Stvaite 
1 lip sit III IhuIuh ill sUMM engine^ %i Ratiijaiij jnaut hearing aandaion^ of 
htdivnii v.dlity, (m MMithein extoueions oi iCaoitm ^up to i>f Bildie 

uid Rajnnimln, and on poMible ocrimarice Of ootalli^ Mhe ^ 

hiif f tnnt of prjHt) -Uoruiga tor coal m ilodavati valley deair dn^Bbadra* 

clnlim Nsihidi c< il l>aain Geology Of C^ntcal Pravtiuiaa. 

■*1 >114 h 4)1 (fOtliviri viUey ^ 

/trf 4 ( ut of piint)- \n»ni4mite fAikni ol Kati*h ttaigiir Ami jlSangir {Gongput) fW 

fiihl S»nd>tunsys ui iirL'ld)ouib4iod ot fitat harrier ou Ajemvart;,, apa m eoTtoilry 
ImIwhj iifi'Uvaii and KUore # 

voL, V, m ^ ^ 

Ian I {i>ui t pnrint\ — Aiinnai leijorfc 18 tL RAlAiitWa of toejM oAfte Mu 
V nii) MmcniloKi/ d notes gnetat. of Bottlh MirA^idr 4Adl nil 

ouuUt ins m iin»p!»h<milH>od of Aral ImilxeT «ii CMAvori;^ hUd in. tail 

(«« iKs MX anu i iJofe * ^ 

^ ior ' i it^ of prmt\^ f'oaata o£ Baln^^iataa . 

Pe^-smu (fUir and aome of OiiU^tataA^S of 

diMiiclh m Ni.-ftui’s Ifommuma (Mogy of Oaim^ 

llydeiiibad (DecCiuu) tendoiy 



} M, [out oi of .AlrobU/ Sxaixiii^ Ibc^ 

(uiiitiug. gn)^^ Qfu.WbB^ffl jl^rctsidem^y.. 

i'-jrt i (9 u€ &l bwin;, jitfiord^it i»tf 

I.iisod oyster ^0048& ttUitir^ to * dl bU^atjoit: iodixia^t 

i I rf ;ritUy. ' ' fieW ■ of eobt-toeAoot^ in ' dkitiev '- ll^t(B«raefUiy . 

]<aric«)4.a or .forination - C4.^m‘bL- jlnUitt. Poirot looallUe«i in 

iVgii. 3uppmd eozoooftl lii^ostone of VeUaxn liilo. 

■ ' ■"vibt.',vi,,mA ■■ , . ■,. 

f /.-“AnnoW ^ ■ 

Ajlrzap^r obd:Adi<>iotr^/eobi%tvy. T*' "" V ’‘ .Z'' "‘r/ ■ 

i ‘it S '{4Ut 04 ' cp9\ttt9vi diWwU 'bt .Narbada : vajloy (Wibod«#f^^''bf.V' 
u^ imcibi^d aiioUi. /Bar^kara. fowrXblOfi^^ 

III lJio,dita«laublo tieiil/'<^0dovbf4 district, tiootogy bf.pai^'of. C^ppor Paoiab-' Coal, 
iti lxul'ij»«.-.'iSait^%riug8 bf Bego. . ';' * .' , '. o,^ 

t 'lt -t (owi. b/ prm^y^IroQ dcp^ciU of Chanda tCobl^al .l^rpvfitooa). fiaiteo 
.Hid Narkoudam* .Moialiileroua rosoiircot of BritUb* Btirma* ' 


lit / pr«Ai)..-^Ajtthijai ;ife|jib^t; toif- i0?5.V rangod boiv^oen tnd^’ 'M' 

Ladbk bud Bhah-i^jDiila: bo irohiior of : Vark^d iOr^Hory^ Iron orcMi of ' Kumaoit 
K.tW; maiccrial^ in' Bsaiif^} del4; BoMie aaitdal^ie^ df ao^obltbd>: 

lUcotooiyie. Coplogieal ootco on .paH ox )S(>tMiern Bazaribagh: . ‘ ,v \ . 

/ ■'/•/ ( 0 ut 0 / pfHf).--'<AOoi0gibikl noUa .'OA rodia , trav^cnri^ed by V^rkaiid IbnbaaiS^y frobt 
SJialM^tdaJb i’^urkafid and l^bohgarv; .dado/Jn j^rakatu^. vaDoyr 
fcottj Kaateb Hiin^yay Poi^rblotiiin in ‘ Aomwb* t ix» Qnm Goppor b 

Nax^>i|db^Yaiby.' f^Om 'Emi^ Indib* ;Uobbgy tnai^twirhood; of Hari 

hiilbbibn b .pubjab. ; * r ^ '.* •■ / ''// - 

t'ujt S {oui «iadb bn .* viiiSi to CMd^rkoL Thbft 

Shaii ratt«j/' Ebrmw bxtiiaibn , gbdob. KMYgtu ilietric:t. BmUdink and 

uvnaAiOjitdl titoires of Todin. Mab^ i^a for iiv/ii tnainiiVK^tiiri!' ftabjik^j c,0abfi'dd. . 
MaiiganefiO-ora in Wnrdlhi*. coaLfield. , , 

f‘iiyt \A\QUt 0 / prbij.-'* Annf crows ' rocks . of Dbambal >a}la> Ufiarwiur.di^Tbfw , Antiquity 
of luim^'n. raco b. MiUw. '^Cual ..cccentiy dlacovored iii ike. obniitty of X^anl Pbthao^ ' ' 
feoutb.oa^t combo, of Aighanistiui. ' Progi,-m bf geological in!ve.iii!ikaibp In Qodkvah 
dbivbt^ A^dras rmaidancy. • Bbbaidiary ik|4teriala ftcir artificial mel. . 




I'uri f joxt 0 / inw(y>^^iMb4ip^' i«(Mlrfie|d, with ootioe of coal oxpioraUdiw ht N^ii4« ' 
i-ogiotn.' <^al .YBei«b'tIiir' foMI ooikt -'Mofionft 
>‘iirt ‘^ 0 / 'ol Baif^li Mvt BIbkv. 

i(f. an(tM>' 1|b«oil flomw.itt Imlra. 
'cl|i«d-.R»»b'' Sub- 
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^ 0/ of ii»c Loww Goiimii *' 

4 ifltj k I us$jtl nor.i 0 in In li« Now of tW aiiuttmftb trm ^ An 

^oiin iii NM^UKa^terci lUjpularii Bormgfr lor oqAt ini 

l*uri Y 0 / jfiif)^ iirluity iono ftad o»dturlj|ti]i|p jk\^ m Vorii 

1 1 t j} A IF 1 1 liidi iaccihcd in Polwnr 0)«&l txphtKkiX^ in XwfSbg ili«tr 
I n f I 1 ! tM 4 hbourhuoii of BurotKar tomiB of ^ 

t njiiK i i pj^r A^^am \tidlys(^M of JUdmgtinj aoab 

/ /// ; ^ // -Otology ot Mahanadi f>Mn and vtouniy iUtuMnonde^ 

1)1 ) Ic 1 1 lit SavnUluiir dnrtrKt ' Bryon Comp tiaurrovt^ioi^/ XeCoy, It 

[ojfiiutui g)oup near MatUab Fodbil ittoraa m India* Tbo 31aUn kinSup *. 
(tfri*ic)l Uii^ua’ tu bimla liiniatayaH Teffiatieb Or JMort}]L*Woii& PttikjaS* 

< hn *ji)i vv j/ui Kl) gatlionaxu 

xoh \h im 


iati t Aiiiuai loport for 1877 Geology of Upper Qofiavan baiwopn »u 

Wur’ha mil Goilavar.^ near bnoiKha, Oeok^ of Ka^bmtr> l^iM ^ 

Mwaltk tiiauitfidle* I'alaoritological r^ia^iofMi of Gondifi^ana eyortta* ’"ftrotica i 
t*uoj lb 

Jit * * it ot pnnl) — (teology of Smd (eoLond imtice) Origin ot KnmtHin Jabea 1 f 
tv* I MiJani Pa 2 >% Kumeua Mud voluuiOes or Uamu aUd OlM^duoa* Mmu 
roM^uicis uf Ktiunixi, Clitduba and ad|^ 0 Qt islands# 

Jitf j Gold indusfry in Wynaad Upper Uoiidwana series in Tr/idiliU>pu)y i 
Nollore Kistiia disfcrtcte BenaimonUte from Sarawak 
I art jff Geogi iplucal disiiibution of fossil oi^nisms in Indio Submerged Coiobt. 

He ill bey Idland 

Von. XII, 1879 ^ 

/ \uiiual report lor 1878 Geology of Koebimr fihird notice) Siwalik mamifloil i 


Siw iltk birds Tour ihrouj 
(\i.ikatk) Brauuiie, witb 


'B,ng uud Sjati' Mud ordpleon m Keiuri Ui* 

hodonite, trom Nagpmv Central Proviticos* PokoMb 


\ mioiivaiii; ojiauuibw, wxwf *^*|j.JK***> v/vu««c»« 

Itgiifli iio(es from Saipura coal bmuti Oooi importainms inio India, 

PatJ » Vlohtuni cod Itelif Pyroluaite lArnh Vsilomelaiae at Ooiolpitr, Jnbalpnr disir r) 
(jiLjlogu if ictontiiiissuiioe iiom Indps at Kosbuigerii to Knnain at Tbal on 
fioiiittr Vieotugy ol Upper Punjab 

latt J Geological featurcb of nortliein Madura, PadUkota State# and soatbem pi 
of laujoie and liichiiiopoly distr*cta included wiGun Innlts of Shecl 90 of liib 
Atins Cteuiueous fonsiis from XriibitiQpolyr distiict, ceUeeted ;n 18/7^^8 * SpbM 
phyllum and otbei Equiretaceie ii^ith relerenoe to Indian* form Tnsygia Spei.i » 
Itoylo (S|>hciiophyUiiin Xiuygta, Ufig k My^na and Atscaimte front i 

tr ci ( orondom fiom Khasi Hills dnga aeighboturhood aiad old nunes on N 
bud da 

/*atf 4 Aitock biatea and thou piobabk geological position Mar|p|tBl bone of u 
desrnbed toitoise, from Uppei StwalUts iiear Nila, m Potirar^ llaDtlctg> j 

Noidi Arcul diatnct Itoid section from Murree to AbbotUmu|, 


jJ^art I All lua* reriuit for 1878 


VoL. Xm. 1880 
Geology of tipper Godavart bOsin m ne^ttiiinnrhpo i 


bnond I Geology of l^dak and ncigbbounng i)lj»irict!S 'Peetb el jSWbnt f‘ 
Hvinn 1 land uid Puniab Possijl gem<s Noggmtbio# NpggCi^bio( 

h t^n » ^nd Shiptosamites, Schmalk# m pal«con»!e and socc^ary roum olt Kuku 
A bia auu Austialia. Possil plants from kattyme, Sboklit BudlUf dmt Sirguj/ 
Volcantc fou of eruption in Kobkan y 

Pun S —Gei logical notes Pal«9ontologaa1 notes on lovuir trimr ot 
VI ells at I'ondicheny, and possibility of findiU^ aourllSa 
Pun e Kuinauti lakes Celt of palloliyiic 
fiom Karharbau and 8ouib HeWa coaf^Aeljbr 
/>tnci Hons Arlesian ^dh at PoOdft^fMJjr. 

^1 opt ions oil Aiakan coast on 12tb Marcb lffI9 and ... 

P^t A (o<^r r/ pnnl) — ^Pieuitocene deposits ot Norttmi 

of extieme climate during portion ot ifaat pariod# lAtfA 
i MHknon of OdndWnina flora mtb Uint of AnsifOliim / 

^ kuli ^oiU nnd saline well waters« Eab tNdia ot fJ] 

38tb tSepiember 1889. 

\ y I Vji. 

Pin / - \nmtal report lor 1880l QMlogff 
honnug districts Siwallk eamiVoi% 

8ouib liewoii Gondwona bann. 
north eastern Ulster, m raatiod m 
bloekn of the Funxek AjppsMia: to ^ 

)aya« * Mammalian lotsili fimli P^l 
yf ^Nahao Smalih bncmdoiijallj^ in 
brates IMHiiferiwis boAi Of fiandes L 
Ofioe of Ureet Srataib# m4 



luul from Kl^tu mtw, w%th m Jj^uink 

yy^jiWfitei* &nd Ui^ndo} wHh Wytfui iin Kaural diSIuK 

\tH(MaB* uSdM arv^Uoii 14 Cttudab.^, ^ 


^ geoiugK^I ti«iiEn<cnoiaii»rd tufd cartQgtttiihy, oi iivait 

region* central tt»d eastern. Native atitmony vhUuttii at PtOo Obm* nSi Siugapere. 
Luiiiit^ froi» O^apeit. Kietnaa Uiettia, and aiuc ^.aibprtAte iroia Katfnni, Madraa; 
r?eet*on i:itrt4 BaMiodM te f*a4gti Saohf doutJ^ Hewafti (JcnidwaDA basin, 

babmeriipeii ioreet 09 Bo*n*tay Xelan^. 


Vou XV, im 

/ 1 / {Cfuf oj i?««0--^Annnai report tor 1081. CJcob^gy oC North* Wetii Kaedmir and’^ 
JKJiagah*^ U^dwana iahyunthodontti (biarahk and Jnkma niaitimala}* (ieolafty oS 
pttJhotis*e, Nerth-Wo^ Himalaya. JPaJm loave*v from i»citwiy) Murrea and KrtiaaU 
^d» »n Hidia. lnd<«mitto from rnu^ Um^ci ^&»am, and PlMirtum from 

Gbntia Nagpnr, po (1) i^pet Oiijxe near ioagri hili, Oarjdmg dfsnScti ® affsemca*^ 
pyrites m saina neighbonrhood : (4) kaoiib at Darjdxng of anl md fijre.da» 

irom Malcttm ooal-heids, Upper Assam iuxpeuments on i.ual of Pmd Oaduu Khim. 
bait range* with reierdnoe to piodoction ot gas, made Apul SOth, 1801, lutenkatiouel 
LongfojBe of iSoiogna 

iUt it \9Ut »f ^mO.--<3eQlogy gf IWancgie btata, Waikilh beds and leporied aesc- 
cmted dejpcaiia at liuUon* ui iiavautote. hi^ Uijc a^id Xiaibacia tO'isiU \ oai<^oeaima 
rocks at Upper and Hand uveis m \Sih\^\i\ Ohntia Nagpur I’eocb Hvet cctii 
iield in Chbmdwara dwtiirt* Central Fiovmres. Boiing foe ccial at Enffsem, BjUislr 
Hutma, Sapphires 14 Noitb Western. lliniaJaya Eruption of niuti volcanoea m 
Cbeduha. 

uif y.--peal of Aiooh iMuoh) iu iJoian Pas., and of Nbangh on Uornai loute bet>teefl 
Qibl and Quetta, Crystals oi i^ulbite trom Wesleru Uli^its, flombsy. Iraps 
Datang and Maadi in N‘oiftb-Wfst<,ni XIiinaJaya> lontitx^ou lictwceti Ui,«»tan and 
X itshtnu seriott^i Uniaiia co»I il*?Jd ('^nutU G<ijdvv ina basm), Haiaiigguj ' 

coal fields, Uaro BUU, Assam. Coal m Myanoung dimion. Hen^^ada distmt. ^ 
u(6 A (Q4ii of priAf/.-Uold-bidd* of Aly^ont. Boimg> for coal at Hradodanol, Oodavau 
dtirtttcti lu 1Q74, Purposed ^H^uneoco oi ooal on liiatia 


Voi XVI* 1863, 

Pcit i.-^Annual report for 168S. HiobthoCtima. Kays (Anomia lia\irranciaoa, Koninok), 
deology u£ South Ziavancuie tnooiogy of ('l)aLUlm Jiasaits ot Uoinluay. 

’urt ^ («jut of print),-^yiiopttis of fo«s.l yertebrata of India. Btjou J^abyiinthodoiit * 
Skull of itippothonum ftiiUlopinum. Iron oiea, and subkidtary mateiiale for manu 
faoture nf iron* in ubtihHBastem part of Jf^balpar dialect, tiatante und other mange* 
nesskore, ooonrnim; ab Qnaulpor^ dabalpu? distneX ooal held 

Icro^oopie struotuie of some Balhonsie 1 


nesskora oeox&rnim; ab Qnaulpor^ dabalpu? distneX ooal held 

/*n/t ^.-^^Mlcro^eopie struotuie of some Balhonsie lockv Uav^i, ot Aden, Probable 
ocaurrhnee nf SiwalUt strata in Obma and Japan, Mastodeu angustiden m India. 
XravjNQie between Altnora and Museooree* Ciretareous coabmeosni^s at Boisora, m 
Khmik MiSk, near Laoar> in Sylbet, 

Part 4 (tfut ^i«^),«^Palii^iiolog:ioai notoa iKnn ikitotigan} and Huiar ooal*fielda m 
Uboia Nngpur^ AHared liasalta of Oalbouste re^on ui x'foitb-WeeWiu Hnnauyai, 
Mi(g9eenpi0 atineture oA sumo Suh^Kimalayan rb^ o€ tertiary age. Geology O' 
Jannesir and Bower Bimaliayaer fpram&e tbiouf^ Ifaetem SJiasia* Jaintoa^ and 
NoArtn Qaohar £lltl9» Native lead fidm hfaalMeui and chi'otiuto iroin the Aodami u 
fi'wy erttptiod of Ihn nr^d voloaaoea el Chedlibn bland, ArRktu*^ 




ii» N^i?0^Weej>erti Vrovinoef, and Oudhr 







mouQif^ter anchocam or rndd-banks ot Narrakal 
" BUla end Other eavea b Kwrnoot diairKst. 

of TjhamJ?* liyttoetn* Waagen^ m Kulm 
‘ il ' 

ngttt fine^btf IfiflaL < stiTOCtore «( 

> liaili^UMHM^^ «it Aiti»fum luMds ki ime^ -, 

ijlteMm fen«i ijfi iMtft CrfOMDi* g^mp tp 







O m IiMm - 
i^iM 0f Nkb*.^ 



faii of pna ct y<Ugau^ of i^rUUub Uaihwot J^.n 

«iiuii<i<ioci in gt«^U'^ot giduito ol J4ujtm W^t Muoalayas U«K»lciy Di 'iak^u 
bMf Jih\ *tii jai.)oiagp li iv.w^-oi<f caas,t -Aunf^mite ^aoda vf , 
ToiiJiai'iij ligmu^ ^nd phoh|ah»Uc jockfl at Mw.smn. liilla 

VOL Will, IdJU 

A‘wt jL [ u I i/i^O ViiJiUdl upoit tui lbd4 boqiitr^ bdtv/^au t5wg«acni k 
Hii(* C i uia liar uc<»i gitdi &k«tch oi wountry batweeu omgare&i (*<i&i'£itii 1 
iJ i(ii^ jiifi J^iuc:>t4*ui^ ijj JLioigumg iivor neai: Golaghat Abh&m, 11l 
i io la j»Mi iJ a il Uoai ladidu tunuauuu^ itigiidu tidlcl »OU,a 

^irt < Mctui ime> lu j^oviui Hiu^aidya^ Gditiwai. Aga o£ MatidhkU ban* 

I u il ouiahi cmitil nobia ijido* and Oaut« liU-^ 

ct ( Climax t^ioiMbtiiuy ot ootauung by moans oi ortevan vrckb 

j/idMi'v uJ * ppa India Aitosian sour t«> m piaus of b^pet India, Uaoiogy of 
u»ils Al'tij^od Vu(ieut) of Arakun land \o^maufst> to bnist into oittption ii 
iiMj iutl> tiu uig Jdii b Analyses ot phi>^phaUO nodulos and lock trom Idussoottc 
i^atf * { ut ij fiH ti) <4U>U>gy ut Auricu*i4n XbiauJa Jhnd *!i;poc;oa ot Mi^ycO|>ui un 
l^ ( lx*^ i is aLNttid iiiritiut i irthalU mia cbandpur i^etocnitas. Uti wolW . 

K i II 1 L iyc u t> DixUtdi Jiui 14a. AnliiDony dopoaua m M{MXjiiiaain di^ti i 

Ki } * I L it'b(|uika ct liGtii AJ 0 Jb^b BbugjU ^arttiq^uako ut 14tli July 1685 
i*oi f oiu of puni) iiegJiguai iork in Citbai^'^g^rU Um^n » oi Ccnual i*<u>iip 
Diiigv. ffiitii^uake oi 14ib July i8U5 JKusiinm caitlquibko of May ibbb t 
<avujii» >n 131 11a Sur^iiii Nepioide baUtmaiibi meteor i*>, 

Vot. XIX, 18do 

/'itr/ « Aunaal iui Jdub [iiteiaatioiial Cteologiuil (jOiigi%.Gi oi. fioiho Taiapo^u.^ 

bu'> lis )n UUvti gioup oi baltiauge Gotreiation of |ndi4U4 and AustiUian o » 
tuMtiug bods Aighaii <iiid i'exfiuit i*uJd-not-6S. SeUldti fioiti Simla to Wangtd, 
petiuiogual fhaiocter of Amphiboiitas and Quarts JDiontas ot Sutlej valley. 

J^mri ii [ tit of i>nnt) Geology oi p4tj ol Bellary and Anaidapur dii^tiietsi 

iipiur Oehmu bt^ui m biugpho Hills MixXr/scopi* chaioctcis of empire touc» ti 
Central llijuilaja . M immalu ol Koinal Casee. XVoi^peits ol finding cool in Wc t 
un hwjputaiik Ol ginup oi Siitiaitge B^'sldeeoida oi baltk4i»(ie (loinl'a * 

U .^motasis 

Kr* J {out of jrtu/) Geology al fcUlcb of Vi/ igapatem dmtntf, Madr«ie GcvJtjg^ 
Noithom JohaltiHr MuioKuiu bUdituie oi M tUm locki cf Arval. region. AUui 
khixidi lonjtu or*- \n BaUghat didnsfc, C JP • 

i'oiU ;i ( vt of pn t) Beiioleuni ju XiicLa Petroleum pxploi alien at KbJtaii Bvrni^ 
iybhatt'sgaib luulbrUG, I leld xioltLii itom AigbaniSiOtx : No. 3, Imkietan. f 
exup*4ri iu4i one oi ll.e mud \olc4Uoes oi tbeduba Island, Aukan* Numnuau^l 
«uiotite AnatyMs ot gold dubt Itoiw Me.ta Vidley, Uppor Burma 

Vor. XX, 1887 

iU^tf i Aimiiil lepoit ior 1586 bieldiiob^s trom Alghatistau. No 4, from ’turkieti* 
to indii Phybu.i< gt^ology of Wobi Cr'itieYi Oaihivat, with notes on a route 'traverse i 
tl.oiigh J luusar Bavor and Tin Gathwal. Gedlogy of Garo HiUa. Ind^uci nnag* 
Atonos, b )u«idmg4> r^'ceaUy taken off Bairen ielind and Noroondsi]^. TaLai 
buiudei b^ rs> Awily^is of Phospliatic Nodules f|otn Balt^rangd. Punjid). 

£ i n 0 k 1 \ezttibrata ot Jjad a Ecliincudea of crebAceons senes of Jbower Norbav’> 
\ Alley hiicld aoU i No. 5 lO nccompany gbolog^al sk«^ map Of Afi^nniatOA ^ 
North Habtenj Klioraseau. XYi^'toscopio btiaotnre of JRajiftahal and Decoim trap** 
Poldtiie of G'hor Identity or Ohve sericn in east with speekled Smidatnne In we f 
of 8alt-iango m Punjab 

jf'Grt y.-^Kettn^roent of Mr MedheoU. J. K MtffthketOfTa Geology of Rnsidiiii Tnd^isteH 
OrystAilme and meiamorphic voAi of Lower HijUnalayOt CtomiL attd Bee 

tioa 1 G v>)ogy of BunU and Jutogh. * LaUtpur * xneteointe. 

Puri I (rui of wint) -^^PomU xn Himalayan geoloj^. Oryslsdline and lAefojinorpbfe rock)' 
of Lower Uimalaya, Garbwal, and Knmaohi fiecllon H* Iroh jadoi^ ^ wsateru 
//ortmn rf Humut Notes on Uppor Burma. BorHig exjjloraiibif in ChnatHimdyit coal 
(Second notuel Pressure Melmnorphiittn, witlb refbn^Ob to 'fdSwtion of 
HifuaUyan OneisROse Oiarite Papers Oi) Hiiualayan GOology ttnd Mfottwcopi* 
V tiokgv 

Von XXI. im 

ite f 1 \tii\ual tepori for CtyataBine and meiaiiimldo <>1 wMy filMlaya 
Garhwal and Kumann. Section III Btrds^^t*af 
pehgo Htplriration ol JesalRier, wi(K a view U> diw^lN^^of ew 
tr<im bouUer bed (* speckled sandstone*) Of llontit CmI fl^ 

N molar Htone«» obtained off Oedombo. 


n 
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Sampling Operations in the Pench Valley Coalfield. 
By G. V. Hobson, B.Sc., A.R.S.M., D.I.C., Assoc. 
I.M.IVI., Assistant Superintendtint, Geological Survey of 
India (With Plate 9) 


Introduction. 

W HILST niajcing a gonoral mspection of working methods in the 
Pench Valley coalfield, Chhindwara District, Central Provinces, 
in the yo<vr 1924, the Y^riter took the opportunity of obtaining a 
number of samples fiom the vaiious coUiencs on the field As far 
as time permitted a sample was taken from each working colliery 
because, up to that time, no precise correlation of the seams in this 
field had been made This correlation has been taken m hand by 
Dr C. S Fox in his resurvey of the coalfields of India, and m this 
connection the sampling results will probably be of some assistance 
The first hint as to the presence of coal m this area is contained 
m a description of the Trap Formation of the Sagar District by 
Captain S. Coulthard ^ in 1827, who in a footr 
^^wfloaf wsiii to ttis « Between Kaisler and the B^ora 

' Nadi there is coal. The Towa Nadi should be 

followed to ite 8(»izoe,*OE until it is shown fr^m whence it receives 
the- ooal fra^nenin fotuld in its bed.’* 

^e ^liesi mooxd of Hie in »itu oocuirenoe of coal in this area 
is that (d Lieutenant Sank^ and Dr. Jerdon ' m 1862, who report 



It, (im). 
Xi^»,( 18 SSk 
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that coni crops out on the bank of a stream at the village of Clihota 
Biirkoi in a layer about one foot thick. Mention is also made of 
coal in this area by the Rev. S. Hislop ^ but without giving much 
inforniatic.n us to the coal itself, and the same author discusses 
the ago of the strata.^ 

Tbo er.rlicst information as to the quality of the coal is given 
by A. Sopwith,® who quotes the following average of seven samples, 

Per cent. 

Fixed carbon 64*63 

Volatile matter 26*21 

Ash ». 19*10 

but ho gives no information as to where the samples were obtained. 
In 18GG W. T. Blanford * made an examination of the field, in which 
numerous outcrops of coal had by then been discovered, mainly 
through the perseverance of Major Ashburner, the Deputy Commis- 
sioner of Ohhindwara at the time. Blanford gives details, such as 
thickness, dip, etc., of several exposures of coal and he names them 
after near-by villages. In the case of four of these, fair samples 
wore taken over the best part of the scam by means of small frag- 
ments broken out at intervals ; the analyses of these were as follows :~ 


Name. 

Thioknoss 
of good 
coal. 

Fixed 

carbon. 

1 

Volatile 

matter. 

Ash. 


pt. 

in. 

Per cent. 

Per oent. 

Per cent. 

Ohhitida (Cbonda) * • » . 

12 

3 

61 

10 

23 

Uarkui (Barkoi) about , 

6 

0 

60*3 

26 

23*7 

Bata ria (Bku tana) about . , o 

5 

10 

40*8 

26*6 

24*2 

Sirgora obout .... 

4 

0 

61*6 

28 

10*4 


Chhinda and Sirgora are in the extreme easterly part of the 
field, in which no development has yet been done. B^koi and 


* Quart. Joum. QeoL Soc., Land., Vol. XI, p. 666, (1866). 
*Joum. Afiiat. Soc, Bengal, Vol. XXIV, p. 347, (1866). 

* Trane. Manduater Qed. Soc., Vol. Vll, p 82, (1867). 

* Bee,, Oeol. 8arv. Ind., Vol. XV pp. 127. 137 (1882). 
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IMiutaria aro in tlio centre section and the above results may be com- 
]),iro(l with the writer’s samples from East Barkui and Barkui Nos. 2-3 
(see page 1 8) on a moisture-free basis, bearing in mind that the 
ibovc figures represent, more or less, outcrop coal. 

Dining the period 1881 to I88G E. A. Jones ^ made a complete 
i‘\.imiuation of the coalfields of the iSatpura Gondwana Basin, in 
Mhicli is included the Bench Valley Area. Jones gives the following 
.uialyscs, with a note that they represent outcrop coal ; — 


Sample. 

Moi'^turo. 

Volatile 

matter. 

Fixed 

carbon. 

Aah. 

1 

Remarks. 


Per cent. 

Per tcut. 

Per cent. 

Per cent. 


Takia (Tftkca) River 
luMr Datla. (Top 
ef seam ) 

3*42 

iU-28 

29-10 

48-20 

Does not cake, 
Ash light grey. 

Takia River near 

Datla. (5 loci 

below top of 

%'am.) 

3*50 

Is 

1904 

3S-G2 

48-78 

Ditto. 

f'i 


28-30 

48-68 

17-72 

Does nut cake^ 
but sinters 

slightly. Ash 
light red. 

Paiidia (Paiinara) . 

2*16 

18-92 

37-74 

41-18 

Docs not cake, 
but sinters 

sliffhtiy. Ash 
red. 


At the time of the writer’s visit all work at Panara was closed 
down. A specimen was taken from some old stock heaps and 
subjected to field coking tests but gave no coke. It was not con- 
sidered worth while to analyse the specimen. 

The result for the coal between Datla and Badeo may bo com- 
pared with the writer’s figures for Badhi Colliery (see page 181) 
from a sample of the full seam. 

Ditmas ‘ deals mainly with working methods, costs, etc., but on 
page 131 he gives analyses of seven samples but with no details as 


^ 06ot. 8urv. Ini,, VoL XXIV, pp. 1-W> 

^ TraiM. H, X. Inti, Min, Mtch, Xap., VoL LXI, VL 3, flVHL 
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to liow the samples were taken, or what thickness they represent 
or from wliat locality they wcto dcTrivecl. 


Sample. 

VoLitilo matter. 

Pixod carbon. 

Ash. 

Ev'aponratiofp 
power in lbs. of 
water. 


Pi‘r cent. 

Per cent. I 

Per cent. 


1 

3100 

55-30 

13-70 

ill-00 

2 

28-00 

61-60 

10-40 

11-85 

:i 

2000 

50-.30 

23-70 

t 

4 

1600 

61-00 

23-00 



26-50 

49-30 

24-20 

• m 

d 

27-76 

47*31 

13-42 

• 9 

7 

28- J5 

47-24 

11-05 

• • 


\V. Raudivll ^ gives tlio following as a typical analysis of Pencil 
Valley coal : * 


Moisture 
Volatile Diattoi . 
Fixed carbon 
Ash 


Per cent. 
. 0 
29 
46 
19 


lie classifien the coal as of the sub-bitumiuous non-coking type 
aiiil says that it cauuot bo cloaoed to yield coking products. 

Ball and Simpson * in their •* Coaieelds of India ” quote some prev- 
iously published analyses but give no fresh information as to quality. 
The Quinquennial Review of Mineral Production for 1919-23 * also 
gives no additional information on this point. 


Sampling. 

The area over which the samples, herein described, were taken 
stretches from the Kanhan River on the west side to the Pench 


P- 244, (1921 

• XM' P- »«■ (WW-1922 

Uec., Cteol. Svrv, Ini., Vol. LVII, (1925). 


4 || 
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Kiver east of the Pachmarhi-Chhmdwaia load. The samples were 
cut from a site iu each pit selected to fulfill 
the following conditions as nearly as possible : — 


Selection of site. 


(i) To give a comparatively freshly cut face. 

(ii) To give a full section of the seam from floor to roof. 

(iii) To give as smooth a face as possible but to avoid a cleavage 

face. 

(iv) To include in the sample no more than the average number 

of cleats. 

(v) To avoid any very apparent irregularities in the seam. 

(vi) To avoid proximity to a fault, dyke or other natural 

feature, likely to affect locally the quality of the coal. 

The second of these conditions constitutes a difficulty in the Pciirh 
Valley, due to the fact that in most oases the roof and floor of the 
seam are composed of black shale very s m'lar in appearance to 
much of the coal. In a good light, on the surface, it is not always easy 
to distinguish the shale from the coal, and iu the indifferent light under 
ground this difficulty is enhanced. Furthermore, there is no very 
marked dividii^ line between the scam and its roof and floor ^ the 
coal appears to grade into the shale both above and below. On 
this account it is usually a matter of opinion, to bo decided by 
inspection, as to what actually constitutes the top and bottom 
of the seam. For example, in one case a site was selected for 
taking the sample and, on close examination for the purpose of 
locating the top of the seam, it was found that the miners had 
gradually worked up into the roof some 10 to 12 inches, leaving 
a corresponding thickness of coal on the floor. It is necessary that 
the third condition should be fulHUed, so that surface irregulirities 
shall not be too great in proportion to the depth of the sample 
cut, Eunce the harder coal, which tends to stand out, is of poorer 
quality. 

The question of cleats is important, because the cleavage in' 
the coal in parts of this field is quite marked, this being particularly 
the case in the Junnor I^eo Colliery, where perfectly smooth cleavage 
faces are found running the full length and height of pillars. Such 
cleavage faces are almost invariably contaminated and iron pyrites 
occurs on them in more than average quantity; thus such faces 
must be avoided and for tiie same reason condition (iv) must be ful- 
filled. 



I7u lUcouls of the Geological Survey of India. [VoL. LIX. 

Tlie coul in the ])i'uxiinity of a fault will not yield an average 
8ainj)lo and in the vicinity of tra]) dykes has in some cases been 
Completely spoilt. 

Having sel«!tfd the site from which to cut the samjde the follow- 
ing profcduro was carried out. In this connection it may be 
mentioned that since the sampling operations 
Cuttint; (he tainple. wore carried out in conjunction with other work 
it was necessary to adopt a method whicli 
would yield a satibfactory sample in the minimum of time 
At the selected site the w'orking place was roughly cleaned out 
and wliere necessary roof and floor coal was cut away to give a 
full section of the seam. All loose coal was then 'cleauod back 
from the face and the latter thoroughly brushed down to remove 
dust, etc., w'hieh w^ould alTeot the sample, as, on the whole, the fresh 
dust is the riche.st pait of the coal, (lhalk lines were then drawn 
on the coal face from floor to roof, the linos being from 4 to 6 inches 
a])ait, the interval depending on the thickness of the scam. A 
canvas sheet having been 8])read on the floor close up to the face 
the actual cutting was commenced. First an undercut W’as made 
by the waiter at the extreme base of the seam by means of a 
steel drill with chi.sel edge, the drill being about two feet long 
and used jumper-fashion. This undercut was made the lull width 
of the samjile cut and to the desired depth and for about 4 to 0 
inches u]) from the base. The coal so cut was caught on the 
ground-sheet. 

The coal hero is very liard and it w'ouid have taken practically 
a w'hole day to cut one sample by means of the chisel, so the rest of 
the sample w'as cut by miners, using the ordinary miner’s pick, under 
the supervision of the writer. With the undercut and the chalk 
lines it was found that the average miner made quite a satisfactory 
out ; the only chock necessary was to make them take short, sharp 
strokes with the pick, as their ordinary stroke tends to make the 
coal fly and at times cuts a much larger piece than is desired. Whilst 
the cut was being made in this way an ordinary miner’s basket was 
held in front with its edge against the coal in the cut and just below 
the point at which cutting was proceeding, the basket being tilted 
up at an angle of about 45°. In this way the miner was able to 
work his pick from above and the coal was out outwards into the 
basket, which prevented it flying ; any fine coal sifting through 
the basket was caught on the canvas ground-sheet, l^e basket 
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was emptied from time to time on to the sheet, to lighten it, and 
finully all the coal which had been cut was transferred to the sheet. 
The cut was then trimmed- up and brushed down to remove all 
loose bits and dust, the final cut being from 1 to 2 inches in depth. 
All the coal taken haying thus been put on to the ground-sheet, the 
four corners were gathered together and sheet and coal dumped 
into a minor's basket and carried back to camp. The bulk sample 
so obtained varied from about eighteen to twenty-four pounds in 
weight, according to the- thickness of the scam. The total height 
which had been sampled was carelully measured and the result 
recorded. 

The bulk samjtles so obtained were reduced in cam]>, to lesson 
transportation charges to Calcutta, but particularly to enable the 
samples to be kept under uniform conditions, 
Reduction of eample. this being a simpler matter with small 
samples. ' 

The bulk sample was weighed and then transfoned to a sieve, 
having half-inch holes, placed over a sampling sheet of American 
cloth. The oversize w'as reduced in an iron mortar with hand 
pestle until the whole sample liad passed through the half-inch 
sieve. The sam|)lo w'as then transferred to another sieve having 
cjuartcr-iuch holes, jilaced over a second sampling sheet. In this 
way an oversize was obtained of coal between I inch and | inch 
and an undersize of material | inch and under. The undersize and 
oversize were independently coned and quartered, in the usual way, 
to yield a sample of one half to one quarter of the original sa^iplc, 
depending on the weight of the latter. The oversize was then re- 
duced in the mortar until the whole passed through the ^ inch sieve, 
mixed with the undersize sample and the whole coned and quartered 
to yield about half. The material, now all minus inch, was again 
reduced in the mortar until all passed a 20-mesh screen, this 20- 
mesh material being coned and quartered to yield a final sample of 
about one pound. The final sample was put into a specially 
made tin oanister, seaied up and labelled. The canisters 
were packed into boxes holding twelve tins and despatched to 
Calcutta, 

There are certain inherent difficulties in carrying out those 
operations in the field, which are absent when working in the labora- 

Sanipliiif mamt. ® eampling room, and these 

« have to be guarded against as far as possible. 
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A sampling floor was first prepared by clearing, leveling ,aud 
beating down the ground for a suflicient space on which to lay the 
sampling sheets. In spite of this, irregularities remained or developed 
and these made the process of quartering satisfactorily, somewhat 
diflicult. Wind is also apt to be trodblcsome as it blows away the 
fine dust ; -this would tend to upset the sample, as the fine dust 
probably contains a higher proportion of the clarain, which is of 
hotter quality. This dusting can be reduced by erecting temporary 
screens round the sampling ground. The ill effect of the dusting is 
probably largely counterbalanced by the fact that Ihe clarain breaks 
leadily when cutting the suinplo, falls and is all caught on the ground 
sheet whoioas if there is any loss from flying pieces (and some slight 
loss on this account is almost inevitable) the material so lost will 
contain a higher proportion of durain. 

In the laboratory each sample was reduced by coning and quarter- 
ing to one half, and this sample was ground in a small mechanical 

rotary mill to pass a lOO-mesh screen, the final 
Ubo-atory sampling, ^ wide-mouthed glass 

bottle with ground glass stopper. For the various tests and analyses 
the material was spread out and small grab samples taken from 
various points to give an average product. * 

Iiv all cases rough field coking tests were made with some of the 
discarded material from the samples. This material had been 
- . ,, , ^ ground to pass a i inch sieve and was damped 

and packed into a small earthenware vessel, 
the opening of which was then plugged with clay. The container 
was heated in a camp fire for about one hour. 

The object of making these field tests was to ascertain whether 
the degree of freshness of the coal had any appreciable effect on its 
coking properties. The results showed that whilst in some cases a 
poor coke was obtained in the field and not in the laboratory, on 
the whole if satisfactory coke was obtained in the field then coke, 
was also obtained in the laboratory after the lapse of Six or seven 
months. 


Details of the Samples. 

The folloNvmg are the results obtained with the samples taken ; 
the re.'-ults have been tabulated in Table II, page 20L for vase of 
comparison. The data axe hereia given commencing with the most 
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eisterly sample and finisliing with the westerly group of samples. 
The numerals under each name indicate the locality as marked on 
the accompanying map with* a figure in a black circle. 

In the determination of calorific value, which was carried out 
m the Bomb Calorimeter, no allowance has been made for the 
hydrogen and moisture in the coal, so that the results inehide 
their latent heat of steam. It is to be remembered that Calories 
Xl*8 = B. T. U’s. 

There are some new workings situated about 
Rawuwan. ^19)^’ ** half-a-mile N. E. of the village of liawanwara 
which have not yet received any name. The 
workings consist of a vertical shaft which is reported to have 
cut 7 feet of coal at a depth of 45 feet, but it was im| ossible to check 
this. An incline put down near-by first crossed a trap d\ ke and had 
mst cut the coal but without exposing a full section of the seam, 
ft was impossible to get a true sample, but a basketful of coal was 
takeu and treated in the usual way with the following result - 


Moisturo 

Volatile matter 

« 

Fixed carbon 
Ash • 
Colour of ash 


Coking powers 


In the laboratory 
In the field 


. . 2*33 i)cr cent. 

. 8-31 „ 

. 73-25 „ 

. • . 16-11 

. . Dark brown* 

• . Non-coking. > 

. Slight siiitoriDg effect. 


The coal was unavoidably taken from fairly near the trap dyke 
above mentioned, which may be responsible for the very unusual 
results obtained with this coal. 

The Bawanwara colliery is situated west of the 
Rawanwm Colliery. yiUage of that name along the road from 

Bawanwara to Dongar Parasia. The main 
workings had been closed down recently owing to a collapse and new 
work commenced to thb north, on the opposite bank of the stream 
course; it was impossible to sample this work owing to flooding. 
To the east of the old main workings extraction was being carri^ 
out from an adit driven in the south bank of the stream already 
referred to. ^e seam here worked is called the *' twchfoot-siz 
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seam ” ; this was sampled over a height of 2 teet 4 inches and 
the analysis was as follows : — 


.Muivturo . . . • 

Vulatilo matter . . . 

Fixed carbon 

AbIi 

(d)lour of ash . • 

Calorific value 

, . r In the laboratory 


. 6'65 per cent. 

. 29*84 „ 

. 49*35 ,, 

. 15*26 „ 

. Very light brown. 

. 6,286 cal(»rien 

. Non-coking. 

. Gave a very poor soft 
cnkc. 


The Chiklili colliery is situated against the north side of the 
Great Indian Peninsula Railway line, at the point east of Iklehra 
(Eklaira) station where the lino turns south, the 
CoSue^^^'fu) ^^**^*'** actual colliery being on the east bank of the 
stream there. The seam hero is in two parts 
with ail 8-inch shale band towards the top. Originally the full 
thickness was taken out but, at the time of sampling, recent work 
was confineil to the bottom or floor coal, which was accordingly 
sampled separately. Since the later work was confined to the floor 
coal it was necessary to take the sample from a, point at which 
the full seam had been most recently taken out. The roof coal 
was sampled over a height of 2 feet 10 inches and the floor coal 
over 5 feet 9 inches, the results of the analyses being as given 
below^ The average value for the seam as a whole is given by 
averaging the results in the proportion of two of floor coal to 
one of roof coal, this being very closely the ratio between the 
thickness of each part. 



Floor coal. 

Roof coal. 

Average. 


Per cent. 

Per cent. 

Per cent.- 

Moisture • • . . 

7*93 

7*22 

7-69 

Volatile matter 

31-20 

27-66 

29-99 

Fixed carbon 

42-82 

40*72 

42*12 

Ash . • • • . 

18-05 

24*50 

20*20 

Colour of ash 

Beddish brown 

Buff 

5468 calories. 

Calorific value 

6050 

5105 

Coking • 

the field . . 

^ Non-ooldng 

Non-coking 

% 
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The Bamori coUiory is situated on the south 
n . ,„v »i<le of tlie Great ludian Peninsula Bailway 

hue to the east ol Iklehra (bjklaira) station, near 
the village of Bamori. The colliery has been 
opened up somewhat recently and the workings are not very 
extensive. The working seam here was sampled over a heiglit 
of 5 feet 2 iiiclics, the analysis being ns follows : — 


Moisture 
Volatile luaitor 
Fixed carbon 
Asli 

Colour of ash 
Calorific value 


(Joking power 


•{ 


In the laboratory 
In the hold 


8-34 per cent. 
3002 „ 

4500 „ 

10*04 „ 

Light brown. 
f»,007 cdiorici. 
Noii-coking. 

Slight coking effect. 


The Bhajipani colliery lies just south of the Great fudian 
Peninsula Railway lino on the west side of Iklehra (Rklaira) station, 
at the bond of the Public Works Department 
a] pan o ery. Parasia through Barkuhi. There 

are two main inclines hero, the more easterly being the older 
and having oifened up a considerable area of ground : it was 
from this section that the sample was taken. The seam here has 
a l-inch shale band near the roof and as this is sorted out by hand 
it was not included in the sample. The sample was cut from 1 foot 

9 inches of roof coal and 5 feet 1 inch of floor coal, a total of 6 feet 

10 inches, which was all put together as one sample, the analysis being 
as follows ; — 


Moisture 
Volatile matter 
Fixed carbon 
Ash 

Colour of ash 
Calorific value 


7*54 por cent. 
28-82 „ 
44*06 
18-68 „ 
Light brown. 
.5,804 caloiies. 


Coking powers 


In the laboratory 
In the field 


I Non-coking. 


The Ekiaira colliery is situateci just east of the 
Eklalra Colliery. (II) village of this name and just south of the Great 
Indian Peninsula Railway lino. The colliery is 
developed from a main incline and a considerable area has been 
opened up. *The seam here has a 3-inoh shale band near the roof 
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and the seam is evidently the same as that worked at Bhajipttni 
except for a slight thinning; this thinning becomes quite marked 
in the western workings of Eklaira. The sample was taken from 
1 foot 3 inches of roof coal and 4 feet 9 inches of floor coal, a 
total of 6 feet, which was put together as one sample, the analysis 
being as follows : — 

Moibturo . , . 

Volatile matter 

Fixed carbon 

Ash 

Colour of ash 

Calorific value 

^ , f In the laboratory 

It appears evident that the Eklaira, Bhajipnni, Bamori, Jatchha- 
par and Newton’s Chikhli collieries arc all working the same seam. 
In all cases there is a well-marked shale band towards the top of 
the seam and a gradual thickenuig of the seam from west to east, as 
the following comparative table will show : - - 

Taulk 1. • 


6*98 per cent. 

28*47 „ 

46*14 „ 

19*41 „ 

Buff. 

5,668 calories. 
Non-coking. 

Slight coking effect. 



Kklaira. 

Bhajipani. 

Bamori. 

Jatchhapar. j 

Newton’s 

Chikhli* 



Ft. 

ill. 

Ft. 

i 

in. 

Ft. iu. 

Ft. 

in. 

Ft. 

in. 

Coal 

• 

1 

3 

1 

9 

not 

2 

6 

2 

10 

Shale 

• 

0 

3 

0 

4 

exposed 

0 

6 

0 

8 

Coal 

■ 

1 4 

9 

5 

1 

5 2 

5 

6 

5 

9 


The distance from Eklaira to Newton’s Chikhli colliery is about 
2| miles. In addition the southerly extension of the seam is in 
each case cut oi! by faulting which brings the Motur Clays into 
juxtaposition with the coal measures. 

The Dongar Chikhli colliery is situated on the south side of the 
Great Indian Peninsula Bailway line about three-quarters of a mile 
east of Chandameta village. The colliery is 
^*'***** ******* divided by a fault running north-east, thd*^Bouth- 
easterly section having been opened up by means 
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of an incline. The north-westerly section, known as the “ Pit side, ” 
was the first part opened up and this was done from a vertical 
shaft. The sample hero was taken from the “ Pit side ” against the 
barrier whiclt sej)arates the colliery from the old Chandametta goaf. 
The seam was sampled over a height ot 5 feet 7 inches, the analysis 
being as follows : — 


Moisture 
Volatile matter 
Fixed carbon 
Ash • 

Colour of ash 
Calorific value 

Coking pouers ] 


9*60 per cent. 


Tn the laboratory 
In the field . 


28*94 ,, 

44*28 „ 

17*18 „ 

Bufif. 

5,544 calorics. 
^ Non-coking. 


The Chandamett*a collidry is situated at the village of that 
name on the south s^lo of the Great Indian Peninsula Bailway 
line. This was one of the first pits opened 
: Chandametta Colliery. section has been worked 

out and abandoned. A second section, developed 
from the Wallace Pit, had nearly reached the end of its productivity. 
A third section, Hiandametta No. 2 incline, had been recently 
started on the south-west side of the Wallace Pit and this section 
was sampled. The sample was cut over a height of 6 feet, the full 
seam, and the analysis was as follows : — 


Moisture . • • • 

Volatile matter 
Fixed carbon 

Asb • ■ • • . 

Colour of ash 
Calorific value 

« f In the laboratory 

C^l“gPo^«”lln the field . 


. 7-48 per cent. 

. 31-24 „ 

. 44-24 „ 

. 17-04 „ 

. Brown. 

. 6,688 oaloriei. 

* 1 Non-coking. 


The Barkui colliery is situated just east and north of the railway 
station of that name pn the Bengal Nagpur Bailway narrow-gauge 
B8fkul(Bsflaiiii)Col* ^110 from Chhindwara; the latest work is just 
leiy. (6 k 12) south west of this station. This is one of the 

oldest pits on the fie'd and is at present the largest producer. 
The ooUiety has been opened up in three units. Barkui No. 1 at 
the. time wad practically exhausted and was not sampled. Barkuj 
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« No. 2 has boon almost, completely developed and extraction *of 
pillars commenced ; this section was sampled at a favourable site. 
Barkui No. .‘1 was just being started to replace No. I and very 
little work had boon done beyond putting down an incline and 
connecting this with a well. This section was also sampled, but 
it must be remembered that the sample taken was from very near 
the bottom of the incline. 

The full seam in Barkui No. 2 was sampled over a height of 
5 toot 1 inches. There is what is known as the ” four-foot seam ” 
overlying the main seam and when pillars are drawn some of the 
former seam is extracted ; this docs not enter into the sample, 
the analy.si8 of which is given below. 

The scam in Barkui No. 3 has a 4-inch shale band near the roof 
and as this is hand-sorted, it was not sampled. The sample was cut 
from 1 foot :$ inches of roof coal and 4 feet 8 inches of floor coal, n 
total of 5 feet 1 1 inches, and the whole analysed as one sample. 


iUrkui No. 2. 


Barkui No. 3. 


Moisture 

Volatile matter .... 
Fixed ca I boil 

Axil 

Colour of ash 

Caluiiiic value .... 

, . f In the laboratory 

^'"k*"ai'«'«‘r’Jr„ the field . 


7'38 per cent. 
29-98 

44-.'52 „ 

18-12 

Browu 

6,649 calone,. 
Non-coking 
.Slight coking effect 


. 1*08 per cent. 

. 21*98 „ 

. ol*G2 ,, 

. 24*72 „ 

. light reddish brown. 

. 6,224 calorics. 

I Non-coking. 


Thu East Barkui colliery is situated just south of the Bengal 
Nagpur Railway narrow-gauge line from Chhiudwara, about a mile 
south-east of Barkuhi station, the stream hero 
Bart BarAtti Colliery, flowing along the north side of the main 

workings. The writer understands that the name 
of this colliery has been changed since his visit to Bhopal Colliery. . 

The main dip here had just struck trap, probably on a fault 
lino, and a boring was being put down some 40 feet ahead to prove 
the extension of the coal ; this is quite near the trap hills south of 
tho colliery and it remains to be seen whether the coal runs under 
the trap or not. 

The section of the seam here is 2 feet 6 inches of top coal ^nd 5 
feet 6 inches of bottom ooal with a 6-inoh shale band'l^etween; 'for 
the most part only the floor coal is taken out and this alone was 
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sampled, over a height of 6 feet 7 inches, the analysis being as 
follows : — 


Moisture 

Volatile matter . 
Fixed carbon 
Ash • • 

Colour of ash 
Calorific value . 


Coking powers 


In the laboratory 
In the field 


1*70 per cent. 
16*83 ,, 

65*94 M 
26*63 

Reddish brown. 


} 


Non-coking. 


There is only a comparatively narrow strip of coal here between 
the watercourse, in which the seam practically outcrops, and the 
trap in the fault, so this may not be very representative material. 

The Ghogri East colliery is situated on each side of the stream 
flowing westwards from the. -forest boundary about a mile west of 
Ghogri village, the property being in the Dhow 
Qhogri^^t Colliery. Reserved Forest Block No. X, and extending 
about half-a-mile down the stream. Work has 
been done here from a large number of inclines, each opening up 
small areas, most of which are now flooded. There are two 
sections, but Sectibn A to the west end is shut down. On section B 
to the east end, some work was being done on the north bank of t&e 
stream on a strip of coal between this stream and the boundary 
of the adjoining property, which was not being worked at the time. 
The work here was sampled but the sample was unavoidably taken 
from very near to the outcrop. The full seam was sampled over a 
height of 5 feet 9 inches, the analysis being as follows ^ 


Moisture 
Volatile matter 
Fixed carbon 

Ash • 

Colour of ash 
Calorific value 


Coking poweiB 


In the laboratory 

In the field 

¥ 


, 6*10 per cent. 

. 28*22 „ 

. 41*84 „ 

. 28*84 

. Beddish brown. 

. 6,372 oaloTicB. 

. Non-ooking. 

. Yielding poor soft coke. 


The Dhow Reserved Forest Block No. X colliery appears to be 
known only by the name of the reserved forest block in which it ‘ is 
situated. The workings are loaated on the 
(Sr*' ^ about a mile 

' due south of Ambara village at about the 2,760 
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contour. The northern section was the one in which most work 'was 
being done and a sjimplo was taken there, l^e workings are not 
extensive and are traversed by a minor fault. The full seam was 
sjimpled over a height of 5 feet 5 inches, the analysis being as 
follows : — 


Moifliuro . 
Volfltile matter . 
Fixed carbon 
Ash . 

Colour of ash 
Calorilio value 


Coking power 


Tn tho laboratory 
In the field . 


4-90 per cent, 

30-70 

42*68 

21-72 

Reddish brown. 

6,038 calories. 
Non-coking.* 

Yielding poor soft coke. 


The Junnor colliery is situated on the boundary line of tho Goradevi 
Reserved Forest about half-a-niilo duo west of tho village of Jinnaur. 

Tho seam in this colliery is dipping at a much 
Junnor Deo Colliery. stooi)cr angle than in most of the pits on this 
field and the seam thickens towards the dip, 
which is about duo north. The dip faces are now working Id feet of 
coal, all of which is taken out. In most of tjic workings about 10 
feet iiave been taken out, with a distinct thinning towards the out- 
crop. This is a pit in which it was very difficult to got a satisfactory 
site for sampling. Owing to the thickness of the seam, six feet ot 
the roof coal are taken out in first mining and the floor coal is dressed 
out in tho rear, so that none of tho dip workings give a full section of 
the seam, and owing to the changing thickness it was not considered 
advisable to attempt to take a composite sample. It is in this 
colliery that the cleavage, already mentioned, is so marked and this 
fact ruled out many of tho pillar faces. The best compromise 
possible in tho circumstances was made and a sample taken over 
a height of 8 feet 7 inches, from roof shale to floor shale, the analysis 
being as follows : — 


Moisture . 
Volatile matter 
Fixed earbon 
. Ash . . 

Colour of ash 
Caloriflo value 


poking powers 


In the laboratory 
In (he field 


. 3‘76pereent. 

. 20'80 „ 

. 39-96 „ 

. 26-48 „ 

. Brown. 

. 6,226 oahnieii. w 
' ^ Mon-ooUng, 
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The Badhi colliery is situated on the west bank of the stream to 

the east of Takia Nala between the villages of Datla and Dongaria. 

•> JI .1 Ml /.XI Thi* colliery is evidently working the same 
Bsdhl ColBeqr. (It j.i 

seam as the north-westerly workings of Datla 

Colliery on the opposite bank of the stream, the Datla Chai Colliery 
which adjoins Badhi on the west and is divided off by a trap dyke, 
and Dongaria just across the Takia Nala from Datla Chai. On this 
account and as time did not permit of samples being taken from all 
four, a sample was taken from Badhi, which may be taken as represen- 
tative of all four. 

The seam here is thicker than in the eastern part of the field 
and the dip is somewhat steeper. A sample was taken over a 
height of 9 feet 8 inches, representing the full section of the seam. 
This was a case where it was difficult to decide what was actually 
the floor and the roof. The analysis of the sample was as follows 
Moisturo 4*56 per cent. 


Moisturo . 
Volatile matter 
Fixed carbon 
Aah . 

Colour of aah 
Calorific value ^ 


, . f In the laboratory 

Ookmg powers . 


29-84 „ 

42*46 „ 

23*14 

Yellowish brown. 
6,602 caloriw. 


* I Non*oolung. 


The Kolia colliery is situated about half a mile west of Kolia 
village on the north bank of the stream flowing through the 

IfiHi fiilllirj (4) ’'^M^^g®* There are two inclines here which 

at the time were practically under water. Tbe 
more easterly one was being unwatered and the seam was 
exposed, just above the water level, in the face of the incline 
It was, therefore, impossible to obtain a sample here, but with a 
view to seeing whether this was an easterly extension of the coking 
coal, which had previously been found to exist to the west of Kolia, 
a basketful of coal was out from the exposed corner of the seam 
and treated in the usual way with the following result : — 

MoiMara . . . . . . . . 4*34 pur cent. 


VolaUlu matter 
Fixed qprboa 
Aflli • 

Colour of aih 
Oalorifio valve 


-u f Lithe laboratory 


. 27*16 „ 

. 49*10 „ 

. 19*84 .. 

. Light hrowa. 

. 0,194 oaleriee, 

* I FUdy hardooke. 
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It jiiu»l be rouiomboi'ud tliut tliiy is u spcciuieii and uut a sauifdo, 
aud lurtliojiuinc it is outcrop coal, so tiiat it appears probable 
tJiat <i (rue sample from tbo dip side would yield results closely 
comparable with those froin the collieries to tlie west, indicating that 
Uiis is a oojitiuuation of the same seam. 

The L'uraiua Kotliideo colliery lies to the north-east of 
Ghorawari Colliery about a mile duo south of 
Hery*!™}!!) *^********'*^** village of Kothidco. There are two 
iutorconuected inclines here, Nos. 1 aud 2, with 
sojiii) ] muted underground workings which run about 200 feet to the 
dj|>, wliicli is nortliward, and are then cut oil by* a fault that throws 
the strata up, and the scam outcrops on the hillside t>ohind the 
colliery. Thus there is no really satisfactory site for sampling, and 
a position roughly midway between the fault and the outcrop was 
chosen as representative of the c(»al here. This colliery ax)pearB to 
yield an unusually high ])erceutage of slack which possibly may bo 
due to the distuibau(;e of the faulting. No full section of the seam 
was o\posod aud the working seam was samjdcd over a height of 
5 lt'(*t <S inches ; this was Irom the flom upwards and there is said to 
bo « feet of roof coal above this. The analysis of this sample was 
us follows : — * 


Aloistaro .... 
Volutilo matlor . 

Fixed carbon . . . . 

Ash 

Colour of ash . . . . 

CjiluEi'lio value . . . . 

f 111 the lahiiTtilorv 


1*94 i)er oout. 
27*68 „ 

61*32 

19*1C 

Jirown. 

6,371 ral<;ri(*8. 

I Yields a Lard cuke. 


The general cliaracter of tlio coke is similar to that of Ghorawari 
and Kauhuu, though jicrhajis not «fuite so hard. 

The Ghorawari colliery is situated approxi- 
(ihurawarl Colliery. mately one mile south-east of the village of 

G) Ghorawari Khurd, ou the W'est side of the 

main .stream running between this village and 
Puraiua. At this colliery there have been eleven inclines put down at 
iutervuls along the strike but none of them have extensive workings 
uounocted below. Inclines 1 and 2 couuoot to an isolated *set of 
workings but a connection was being driven to No. 3. Nos. 3 to 7 
inclines are all interconnected, Nos. 4 and 7 having been driven 
from two original quarries, now abandoned. Inclines 8, 9 and 10 
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form a third iudopeudout block of workiugii. The workings stretch 
for some 2,500 feet along the. strike and for some 260 feet to the dip, 
so that it is impossible to get a sample of coal from a point at any 
great distance from the outcrop. 

Ill this case the sample was cut from workings connected with 
No, 3 incline and over a height of 7 feet 10 inches. The manager 
states that this is the centre section of the seam, with some 6 foot of 
coal both in the roof and floor, but no full section of the seam is 
exposed, lie further states that a 10 foot seam and an 8 foot seam 
occur below, with 10 foot and 16 foot sandstone partings between. 
The sample of the present working seam gave the following analysis : 


Moisture 
Volatile matter 
Fixed carbon 
Aab . 

Colour of ash 
Oiloriiic value 

C'okiug puworH 


C in the Uhoratnry 
Q In ilie iield 


2*40 l)or cent. 
28*00 „ 

50*14 

18*80 „ 

Brown. 

0,348 calori 

Yields a hard coko. 


A saiujile of the coko prepared in tJie laboratory was analysed 
vvith tJie following result 

Moisture 0*12 per cent, 

Volaiiio matter „ 

Fixed carbon • 71*40 „ 

Ash „ 

Colour of ash Rrown. 

This coal yields (|uilc a satisfactory coke both in the field anil in 
tJie laboratory. TJio field coke was of a bright silvery colour, oxcejjt 
in the centre, where it was rather dark in colour duo to insufiicient 
heating. The coke is hard and somewhat dense. The coal hero 
appears to be particularly liable to spontaneous combustion, and as 
this may be due, in part at least, to the presence of pyrites in the 
coal, a specimen of the coke was tested for sulphur and found to 
contain 0*71 per cent. 

The Eanhan colliery is situated right on tue 
KaiduttCoUteiy. (I) of the Kanhan river, a few hundred 

yards north-west of the village of Damia. 

Work at the time was not in an advanced state. Some prehmi- 
naty work had been done by quarrying but this had been abandoned 
two -tnclin es started on the oast bank. The eastern incline had 
just out the seam, whilst the western one has been carried fotwaud 

B 2 
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some 30 feet to 40 feet, with two strike galleries. The western 6f 
these galleries met a fault after progressing about 5 feet and was 
stopped ; the eastern gallery has been driven for about 10 feet. 

The sample was cut from the east side of the incline and as near 
the face as accumulated water allowed. It will be seen therefore 
that this sample represents coal cut from the vicinity of a fault 
and at no great distance from the outcrop. The incline shows 
about 4 feet of soft earthy coal overlying the seam, of which the 
floor is not exposed. The sample therefore represents the seam as 
at present extracted and was taken over a height of 5 feet 8 inches, 
the analysis being as follows : — , 


Moisture .... 
Volatile matter . 

Fixed carbon 

Ash 

Colour of ash 
Calorifio value 

(In the laboratory 

Uking powers 


. 2*44 per oont. . 

. 30-76 „ 

. 49-5B pp 
. 17-24 
. Light brown. 

. 6,616 calories. 

* \ Yields a hard coke. 


The coke from this sample is similar to that from the Ghorawari 
coal (q.v ,) ; a piece was analysed with the following .result 


Moisture 
Volatile matter 
Fixed carbon 

Ash • 

Colour of ash 


0*24 per cent. 
0-48 

73*66 M 
26-72 „ 

Dark brown. 


Cokiog Coal. 

In view of the importance of coking coals in this country the 
])os9ible extension of the above described coking coals is of consider* 
able importance and the following information may be of interest. 

The samples taken show that coking coal occurs on the east 
bank of the Kanhan Biver and at intervals to Elholiya to the east. 
The next sample east of this is from Badhi, which can be taken to 
represent Dongaria as well and which is on the whole non-coking 
coal. 

The Panara property lies about one mile north-east of Kolia 
colliery and at the time all work had been stopped here. A specimen 

rsnars foiBirj. which to make the Add ^king 

tests, was taken from an old stock-heap. No 
coke was obtained, which points to the faot that the seam wodeed hew 



Part 2.] Hobson : Samjiling in Penck Valley Coalfield. 


186 


is not the same as that at Kolia, Ghorawari, etc., though the test was 
admittedly Hot made on very satisfactory material. In addition 
to this, the roof of the seam at Panara is a massive sandstone which 
forms a waterfall in the stream near by, whereas the strata ovwlying 
the seam at the other collieries are soft and friable with mush coal just 
above the seam. This is all the information available as to the 


possible eastwaid extension of the coking coal. Turning now to the 
westward extension the only evidence is furnished by the Kalichaj ar 


Kallchapar Colliery. 


Coll- my. This colliery is situated on the south* 
eastern border of the village of this name, there 


being two villages with the same name of which this is the eastern 


one. 


Work here was only in the prospecting stage, consisting of a 
vertical shaft 26 feet deep, which at the time was under water and 
being unwatered. This shaft is said to have cut 9 feet of coal, the 
bottom being still in coal. The man in charge stated that the 
dip was to the south, which is the opposite to the normal dip in this 
area, but the writer was told later that the shaft had been sunk on a 
fault and this unusual dip may be due to local disturbance. It 
was impossible to get a sample, but some coal was taken from a 
stock-heap and subjected to the field coking test, but did not yield 
a coke. This of course does not prove that coking coal does not 
exist west of the Kanhan River, but at present its presence can only 
be taken as not proven. 

The data on which to base any estimate of the total quantity of 
coking coal in this area are extremely meagre and the writer makes 

BtfliiMile cl ctAhi following estimate with all acknowledg- 

CoalRMcrvea slender evidence upon which it 

is based. 

The known evidence at present points to the existence of coking 


coal only between the Kanhan River and a point somewhat east 
of Kolia, though further investigation may prove a wider extension. 
At present it cannot be taken as proved that coking coal is continuous 
over this whole distance, since work between the Ghorawari colliery 
and Kanhan colliery appears to indicate an area of disturbed ground. 
Work was being done at the Hillside Colliery, about a mile east of 
Kanhan colliery, but at the time had not proved anytiiing and no 
sample could be taken. As a conservative estimate it is ju^oposed 
to tdee a strike extension of four miles for the coking coal, of 


which the eastern half yidds a coke c{ somewhat lower quality, as 
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regards liardncss, than the Avestein half. The evidence as to exten- 
sion towards tlie dip is oven lass satisfactory. Work at Ghorawari 
has been carried 250 feet towards the di]), at Kanhan only some 
to feet and in neither case has any prospecting been done, by 
boring, to prove the extension, as far as could be ascertained. At 
Puraina Kothideo the workings are cut oit by a fault at 200 feet 
and the seam thrown upwards. This is characteristic of the area, 
which is traversed by a number of east and west faults continually 
throwing the strata up on the north side ; this however appears to 
be acconi])anied l)y a falling-off in the quality of the coal. For the 
])iirposo of the estimate the writer proposes to take a possible exten- 
sion to the dip of 750 feet, all of wliich would be at a reasonable 
working depth. As regards the thickness of the seam the information 
is rather better, but here again it is largely a matter of report, 
which it WMs impissible to verify. Thus at Kanhan about 6 feet 
of coal are ex])Oscd and an unknown depth remains in the floor. 
At Ghorawari the thickness of the seam is given as 20 feet ; at 
Puraina Kalsa it is the same and at Puraina Kothideo it is 13 feet. 
The writer proposes to take a figure of 10 feet as an esfimated 
fliickncsa on which to base the calculation. Using these figures 
each of the two mile sections mentioned previously contain about 
3,150,000 tons giving a total, of 0,300,000 tons of coking coal. 

'Hu* Dongaria colliery is situated between the 

_ I c Mi villag<! of that name and the Takia Nala to 

oiiKara o ery. village being about two miles 

west« of Jamai. Time did not allow of this 
colliery being sampled but there is little doubt that the pit is on 
the same seam as at Rudhi, which niay be taken as representative. 
After leaving the neighbourhood of this colliery the writer was 
asked to make coking tests on Dongaria coal, and for this purpose 
a cart-load of the coal was delivered at the camp, some twelve miles 
distant from the colliery. This coal not being a sample, a test 
on it would have been of little value as to the coking properties of 
the seam as a whole but from the Badhi sample it may be token that 
the seam is non-coking coal. 

A selection was made fiom the coal, by inspection, and this material 
' .IS crushed and tested in the usual way. A coke was obtained 
ohich was quite hard, of a fairly bright silvery colour and ^bout 
as dense as the Ghorawari coke. Time did not permit of, nor was the 
material suitable for, a series of teats to be made to determine the 
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proportion of tho coal that will coke, but the simple experiment 
carried out servos to show that coking coal can be selected by 
inspection from this seam and probably from all other collieries in 
tho field. A piece of the coke obtained was analysed and tho 


analysis of tho Badhi coal is 
ease of comparison. 

repeated with this coke 

analysis for 


Coke from Dongaria 

Badhi sample 


aeleotcd coal. 

coal. 

■ 

Per cent. 

Per cent. 

MoiBiuro .... 

2-18 

4*56 

Volatile matter . 

302 

29*84 

Fixed carbon 

70*62 

42*46 

Asli 

24*18 

23*14 

Colour of ash 

. . Brown. Yellowiah brown 


For purposes of comparison the tabulated statement of the 
analyses (pages It-'S-b) also shows tho proximate analyses reduced 
to a moisture-free basis. It must ho\vev(‘r bo remembered that 
all samples wore doalt with luidcr almost similar conditions and 
after reduction were kei)t under identical conditions, so that it appears 
that tho moisture content of the air dried samples is a cliaracteristic 
of the coals, and^it will be observed that coals falling in groups accord- 
ing to calorific value also have, closely corresponding moisture con- 
tents and fall fairly well into gcograjihical groups. Tho moisture 
in the coals from tho western end of tho field is consistently low by 
comparison with the main central section. 

Samples one to four fall into one group on the basis of their 
analyses and these form a goographicRl unit at the ucstern end 
of the field. Sample five represents a seam not worked elsewhere. 
Samplos eight to fourteen form another group both as regards 
analyses and geographical position. Samples six and seven ap])car 
to fall in this group as regards position but tho analyses show a 
marked difierenoe in ash content ; this may bo due to the location 
ot the sample, which, as explained under the descriptions, was not 
very satis&otoiy in either case. Samples fifteen to nineteen re- 
present scattered localities which the writer makes no attempt to 
correlate. 

The localities from which tho samples were taken are marked 
on the accompanying map (Plate 9 ) with the number of the 
sample in a circle.' The sample letters in the table refer to the 
identification letter given in the laboratory records of the Geological 
Survey of India 
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In oounlusion the writer has to express his appreciation of the 
great assistance given to Jiim by all colliery owners, or their reprcsen^ 
ativos and managers, in the taking of the samples, and that of Mahudeo 
Ram, Laboratory Assistant, Geological Survey of India in the 
making of the various tests and analyses. 
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On the Composition of Some Indian Garnets. By 
L. Leigh Fermor, D.Sc., O.B.E., A R S.M., F G.S., 
Superintendent, Geological Survey of India, (With Plate 
10 .) 


1. Introduction. 

In 1912 it was arranged tbat an investigation into the cliemioal 
composition of Indian garnets should he iindortakou by Mr. S. N. 
(fodbole, M.So., who has since become Assistant Professor of Che- 
mistry in the Victoria College of Science, Nagpur. I accordingly 
selected for him from our collection 9 specimens of Indian garnet, 
illustrating various modes of occurrence of this group of minerals 
in India. The original intention was that, on completion of the 
analysis of this first batch of material, a further series of specimens 
should be sent illustrating other modes of occurrence ; pressure of 
work has, however, prevented Mr. Godbole from continuing his analyses. 

In each analysis the constituents usual in garnet were deter- 
mined, but some of the analyses totalled to a little over 96 and 
97 per cent. only. It was then suggested that perhaps alkalies were 
present; but after a careful search Mr. Godbole failed to detect 
their presence, as also the presence of titania. As Mr. Godbolo’s 
duties preclude any further work on this material, these analyses 
have to be utilised as they stand, and, although four of them total 
to too small a figure, indicating either that there is some other con- 
stituent present, or that some constituent has been underestimated, 
yet Mr. Beckett, Principal of the College, who supervised the work, 
accepts the responsibility for its being careful and conscientious 
work, the results of which can be safely utilised. Mr. Godbole has 
kindly consented to my discussing his analyses from the geological 
and mineralogioal point of view. 


11. Description of Material used. 

The specimens 'sent for analysis were examined by me before 
dei^atch and their descriptions recorded. Thin sections have been 
cut from duplicate material and examined under the mioroscop*^. 
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These doscriptioDS with the data elicited under the micro^ope 
follow ; — 

«/. 37L Orange-red or mahogany-red garnet from the garnet 
min(5s, SaiAvar, Kishengarh State, Rajputana. 

Under the microscope this garnet is praotioally colourless, and shows numerous 
inclusions of three sorts. The most abundant are minute needles arranged in several 
paiallel sets, oriented presumably with some reference to the crystallographic 
jiabit of the mineral ; but as the specimen sectioned showed no crystal faces this 
relationship is not olivious. The refractive index of these needles is greater than 
tliat of garnet ; the i>olaiisation tints range up to blue of tho first order, the ex- 
tinction is oblique, ranging from 15^ up to 39^ with reference to the long axis of the 
needles, the ray nearest the vertical axis being sometimes that of lesser and some- 
times that of greater elasticity. The colour of these needles is very pale yellowish; 
The second kind of inclusion is in broader needles, polarising in first order grey. 
There are also a few grains of a mineral of lower refractive index than the garnet 
and very low biTefringcnco and probably apatite. The above list of inclusions 
sounds formidable, but the total amount is exceedingly small 

J. 16. Three cut garnets from Jaipur, Rajputana. Light 
crimson colour. 

A small cut gem was sacrificed for microscopical examination. As the slice is 
rather tliiok, tho garnet is of veiy pale pink tint and looks almost perfectly pure. 
There arc no cracks or signs of alteration : but there are an exceedingly few very 
minute doubly refracting grains. 

F. 367. '' Spessartite ”, dodecahedron from mica-schist, Kulu. 
Attached mica scratched off. 

One rhombohedral dodecahedron was sacrificed for the preparation of a thin 
slice. In this the garnet is very pale pink and shows a small quantity of hioluded 
black and brown oxides which would be impossible to eliminate. In addition 
there are a few very minute pleochroio grains of negative elongation and absorp- 
tion at right angles to length. They may be brown tourmaline with the following 
pleochroism. 0 nearly colorless, E brownish ; 0>lh 

13/546. From ft pegmatite dyke, Biradavole, Nellore district, 
Madras. General colour malic .gany : orange-red to fiery red on thin 
edges. The garnet was trapezohedral modified by the rhomb- 
dodecahedron. 

In thin section under the miorosoope this garnet is pale pink with perhaps an 
orange tinge. Under the low power the garnet appears pure except for a very few 
tiny inclusions of quartz (with colorless xnioa m one ease). But unden the high 
powers tho garnet is seen to contain numerous minute needles arttoiged in thin 
parallel sets mainly at angles of fiO^ These needles are usually so thfn as to ajqiear 
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opaquOf but where slightly thieker they ore seen to he of positive elongation and 
straight extinction — ^properties posses^ by both sillimanito and mtile. As rutile 
is coloured and of higher refractive index than garnet, whilst sillimanite is colour* 
lees and of lower refraotive index than garnet, it ought to be possible to refer these 
needles to one or other of these two. but I find it difficult to decide these points on 
such thin needles. 

17/63. Trapezohedral apessartite from pegmatite cutting Gou> 
dite Series, Biohua, Chhindwara district. 

Under the microscope this garnet is very pale yeUowish, with perhaps an oiange 
tinge. It contains a very little quartz and a colorless substance, mainly occupy- 
ing minute cracks, whioh is possibly a mioaeeous miueial. There is also a little 
secondary iron-oto. 

18/582. Gamet-rook from Nautan-Barampur, Ganjam district, 
Madras. Considerably blackene4. in patches : in others oi light bull 
or crimson colour. Some pale blue apatite grains. Thought to be 
mangan-grandite. From Kodurite Series. 

Undm the microscope this is seen to be a granular rock comj)osed mainly of 
practically colourless garnet ( ? a yellowish tinge), with a moderate amount of scatter- 
ed quartz. There is much secondary iron oxide along the boundaries of the garnet 
grains with some black oxide as well, presumed to be an oxide of manganese. 

18/912. Piece of a large trapezohedral crystal from Satak, 
Nagpur district, C. P. Dark yellow-brown to yellowish liver-coloured, 
probably partly altered: orange when fractured. From Gondite 
Series. 


Under the miorosoope this garnet is light sulphur-yellow with numerous soat- 
tered tiny included grains of red hematite and of some black oxide, presumably 
mangsaese oxide. The distribution of these inclusions causes the crystal to be 
zoned parallel to the crystal faces. Some shells are nearly free from inolnsions. 
niese inclusions could not however be excluded from the material taken for ana- 
lysis. In addition there is a huge patch of miorooline and one of black ore, both 
easily rajected. 

18/482 {288). Spandite-rook from Kodur, Vizagapatam district, 
Madras. Chocolate-brown, 4°^ to secondary oxidation along boundaries. 
Fiery red where transparent. From the Kodurite Series. 

Under the mioroBoope tiiis is seen to be a mono-mineralio granular aggregate 
of oraiige<yelhnr garnet, with black oxide along the boundaries of the grams, form- 
ing a black network and to a certain extent along cracks extending into the interior, 
fa the medial «me of the bhwk bands of the network titeie is often a thin streak 
of a 11^ gnyiah snbstanee, The interiors of the grains are peifeotly Indi. but 
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traversed l>y a network of minuto oraoks. The material picked from this could hot 
liave been completely pure. 

M. 1538. “ Calderite ” from Hazaribagh diatrict, Ghota Nagi)ur. 
Alaasivti, browniab black to oraugo-brown (rosin-coloured) where 
lliin. From the mctamoi'pJiic crystalline complex of Hazaribagh. 

Under the mieroseope this rook is oomposed aknost entirely of light brownish 
garnet, ovidonUy in largo crystal units, but much oraokod. It is very fresh, how- 
ever, except for very thin brownisli fibres along some of the oraoks : it contains 
a few light green pyroxene grains of quite largo size. 

Ill forwarding this material to Nagpur directions jvere given 
coiicerutiig the picking of the material to be actually used for 
analysis. 


III. iVlelhods and Results of Analysis. 

fn iMcIi (;ase the material was, if necessiiry, picked, and in tlie 
case ol I.S/1.S2 (lie garnet was treated with cold dilute hydrochloric 
acid (o remove coatings and lihus of black oxide of manganese. 

'fhe .speciiic gravity was in each case determined on the material 
used for aiuilysis, the metliod of direct weighing *in air and water 
being used for the larger material, and the specific gravity bottle 
for the snudler-sizod material such as 18/182. 

The analytical procedure followed by Mr. Godbolo was as 
follows 

After estimating the silica, iron and aluminium wore separated 
from maugaueso, calcium, and magnesium by the usual methods. 
Thu manganese was then estimated as sulphide, the calcium pre- 
cipitated as oxalate and the magnesium as phosphate. Iron and 
aluminium wore estimated together us oxides, and the iron estimated 
volunietrically, so that the amount of aluminium was determined 
by difference. 

Ferrous iron was separately estimated. Equal quantities of 
the mineral and calcium fluoride were treated with hydrochloric 
acid on a water bath in an atmosphere of inert gas (i.e. out of 
contact with air). After the reaction ferrous iron was estimated 
volumetrically. 

Owing to the defloit in the totals of some of the analyses, atj^empts 
were made to estimate alkalies if present. But the results showed 
absenoe of alkalies. 
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The leiiults of aitalysis are collected in the following table : 


Table No, I . — Results of awdi/sis of 9 specimens of garnet. 


Spocliuen No. 

Sp.Or. 

810. 

A1,0, 

Fe.O| 

FeO 

MoO 

140 

Gao 

Total. 

J-371 

S-04* 

30*01 

82-26 

7-87 

17-50 

0*96 

10-04 

2-42 


HO . 

4*24 

80-47 


2-84 

20-97 

0*31 

8-32 

1-85 


F-807 

400 f 

37-00 

20-22 

.. 

21-00 

4-03 

2-76 

3-07 


13/640 . 

4'16 

34-81 

22-87 

14-77 

0-38 

11-07 

• • 

2-00 


17/03 

3-05: 

30*02 

10-70 

5-03 

5-08 

20-00 

1-33 

G -00 

100*10 

18/582 

3-541 

38-01 

17-91 

8-76 

3-02 

20-51 

2-18 

1-95 

08-03 

18/012 

4-13 1 

84-73 

22-40 

4-61 

1-03 

35-30 

.• 

0*07 

M- 6 U 

18/482(233). 

3-72 

32-70 

7-02 

18-54 

1-23 

11-77 

0-00 

24*43 

97-34 

M15:38 

8-73 

37-43 

8-30 

.10-80 

8-85 

2-80 

0-81 

24-40 

07-03 


• Thia result is obviously too low and Is not used fui tlier. A duplicate 
blown wdour iigavu (1 -J ‘93 in tlio (ioolof^ical Suivcy oi linlit laiKHTuto 
rose colour gave Tlio lortiier tlgure Is used in later tables. 

t Other crystals o( this numlier gave iu the floologlcal Survey of India Uboratoiy rwults ranging 
from 4«H to 4*16 (Mein , Och l. ^JUtv. ln<l., XXXVII, p. 175), 

t Anotlwr crystal was found by too to have a spocifle gravity of 4*02 (/y,c,). 

§ ObYloiuly too low : not used further. 


rdocoot J‘d7J of mahogany 
ly, and another of purplish 


IV. Interpretation of the Results. 

In Table No. 2 these 9 analyses liave been rearranged in terms 
of their constituent garnet molecules, amongst which it has, in 
one of the analyses, been necessary to assume the oxislonco of the 
molecule 3 Fe 0 .F 6 i, 03 . 3 W 02 . It will be seen that the total percent- 
age of garnet molecules ranges from as high as 98-48 per cent to as 
low as 79-97 per cent. 

The excess over the garnet molecules has been shown as silli- 
manite, quartz, surplus alumina and ferric oxide and, in one ana- 
lysis, as lime, whilst in most cases there is a surplus of oxygen, 
due probably, at least in part, to the diflEloulty of estimating ex- 
actly the amounts of PeO. and FogOj in an insoluble silicatq, but 
possibly in some oases to slight oxidation of the garnet. To ascer- 
tain if any of those impurities were microscopically visible, I had 
thin sections out of each of these garnets (not, of course, of the pieces 
actually analysed), and the results of the examination of these have 
been given in pages 192 to 194. 
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A comparison of the impurities shown in table No. 2 with thoBe 
noticed under the microscope is of interest. Sillimanite is shown 
in three analyses. 1-16 is, however, too pure to contain nearly 
8 per cent, of impurities, unless in solid solution, which seems im- 
probable. F.367 contains no vis'blo sill'manite and only a very small 
quantity of other inclusiops. The specimen analysed must have been 
much less pure than that examined by me. 13/646, which should 
contain over 7 per cent, of sillimanite, does in fact show, under the mic- 
roscope, numerous minute needles that may be cither sillimanite 
or rutile, and also a little quartz. But the amount of inclusions 
cannot bo nearly as high as 7 ()cr conr..^ Quartz in appreciable quanti- 
ty should be shown by 18/582 and M.1538. Such proved to be the 
case. Surplus ferric oxide should bo, according to the analyses, 
shown by four of the garnets. Of those J.371 does not show ferric 
oxide, but shows other inclusions. 

^ That Billimanite does actually occur inside f^amot I proved to my satisfaction by 
examining the garnets in two thin slices of khondalito, one being Dr. T. h. Walker’s 
original khondalite from Kalahandi (423945/181) of which the garnet is represented in 
the table on p. 200 and the other a slice of this rock (5339) from Nantan-mrampur in 
Ganjam, collected by myself. 
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Surplus. 

Total. 

100-70 

lOO-Oo 

99-61 

96- 36 

100-15 

98- 88 

99- 54 

97- 64 

97-32 

d 

oDXAO^ie^i 

oo :>^6o6io6 

n 

o 

w 

r® 

Cb* 

o 00 « lO 

^ oa 

-^ : : : CO : .i A : 

n 

o 

M 

< 

QO o CO 

<N ^ 00 

o : : © : : w ; : 

M 

t 

• 4 

a 

O' 

CO »o X o 

^ ^ O lO 

I « © .* r CO : .* w 

• ^ 
a-t: 

* - S 

GO 4 

a 

0> PH 

iO CO lO 

' ^ 4t * 

Total 

garnet. 

98-48 

91-95 

79-97 

87-25 

96-73 

94-64 

94-90 

90-13 

94-90 

. k . 

t- 

04 

* • • • • ^ • • • 

1 

1 

s . 

"S-S 

Q •-« W» t- 

^ X cp w 

• • 1 1 ^ 10 .* X 

« LO 

1.1 

f5£-^f-<ca wi'-co 

0©CpGp<N 0X0 

O O pH .■ GSI lO 

pH FM 

hi 

§ 

s 

CO 

4^ 

-♦a 

■-M 

2-23 

0-74 

10-77 

27-20 

60-74 

61*80 

82-24 

27-45 

6-75 

u 

1^ 

©O^'pfOX-flHOCO 

^fHpHCJlOCp^Qp^ 

’^*o©c?ir^OQflNieo 

i 

% 

u) X ei Q X PH X 

^ C9 io w era r* 

g ^ X ; --t t> : w X 

d 

SP4i©©;2 

c04<4(4(eo *4ico«o 

i 

J.371 . 

L16 . 

F.367 . 

13/546. 

17/83 . 

18/582. 

18/912. 

233 . 

1L1538 
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17/03 does show u little secondary iron-ore: 18/912 shows hu- 
morous scales of red liematito and grains of a black ore (? manga- 
nese-ore) in certain shells : whilst 18/482 shows much black oxide 
in the unpicked mineral. There are no visible impurities nor inclu- 
sions corresponding to the 8ur]>lus alumina in 18/912 or the surplus 
lime in 18/482. 

These discrepancies are })ossibly in part due to material being 
held in solid solution in garnet, and, in three analyses, probably to 
the fact that there is a deficit in the analysis. 

The tendency of garnet to enclose other minerals is exempli- 
fied by the descriptions on pages 192-3, and is well-known ’ ; never- 
theless, in order to ascertain whether Mr. Godbole’s results depart- 
ed from the theoretical composition of garnet to a greater extent 
than usual, I selected from Dana’s “ System of Mineralogy ” one 
analysis of each of the five chief species of garnet (omitting uvarr)- 
Vito), and recalculated them also into terms of garnet molecules. 
The analyses selected were as follows (omitting water, alkalies, etc.) : 


T.\BLn No. 3. 


— 

(1. 

SIO, 

1 

Al.Oa 

Fc,0, 

FeO. 

HnO. 

MgU. 

raO. 

Total. 

i}ro98ularlte, 

No. 0, V^^u- 
vln#. 

3-572 

30*83 

20-lfl 

1-03 

1-21 

0-4(, 

0-07 

35-42 

09-08 

I’vrojw, No. fl, 
JSlJo Ness. 

4-124 


22-45 

5-10 

8-11 

0-40 

17-85 

5-04 

100-20 

Almandite, 

No. 4, Xlllrr- 
thal. 

4-04 

30-12 

21-08 

fi-00 

27-28 

0-80 

•• 

6-70 

100-04 

Spe8Hartit». 

No. 14, (Jlcn 
Skiaff. 

4-125 

36-99 

10-22 

8-04 

23-27 

16-24 

0-47 

0-40 

100-23 

AndradUo, 

No 10, Kast 
auk. 

.‘•710 

3509 

tr. 

2015 

2-49 

0-S6 

0*24 

82*80 

100*13 


On recalculation into garnet molecules these analyses can be 
rearranged as follows ; — 

'61r T. H. Holland's , . On the Adcabr Ineltuloiu In Indlan'.Oamets/* Rm** (hoi. Sun. 

XXIX, pi>. 16<19, ( i), Is of Interest in this connection. 
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In two of the garnets the molecule SFeO.FegOs 3SiO{. again 
appoirs, as well as the moloeule SMnO. FegOs-SSiO^ in one case. 
The (loparturos of these analyses from the theoretical composition 
of garnet arc comparable with those of Mr. Godbole’s analyses, and 
apparently such departures must be regarded as normal for garnet. 


V. other Analyses of Indian Garnets. 

Basides the 9 analyses of garnets by Mr. Gbdbole the only other 
analyses of Indian garnets of wliich I am aware are two of 
■'otlderito” by Piddington and Tween, ^ and the analyses of Indian 
•ninganese-garnots by Miessrs. T. R. Blyth, J. Coggin Brown, and 
the Imperial Institute, given in my memoir on the manganese ore 
deposits of India. ^ In addition the composition of the garnet in 
kliondalite can bo calculated from the analysis of this rook by Dr. 
T. L. Walker, assuming the iron to be in the ferrous condition.^ 
These 8 analyses are as follows 


Table No. 5. 


— 

a. 

sio,. 

Al|0|. 

10,0,. 

Ft-0. 

MnO 

MgO. 

CaO. 



ia)0 (18/871)-C1 i»t- 
gaon. 

•• 

34-71 

8-05 

8*38 

mm 

38-83 

5*40 

4-07 

tr. 

100-34 

10/081— Wftgoni . 1 

4-24 

37-73 

21-20 

.. 


24-48 

3-48 

3-11 

.. 

looeo* 

A.2!0 (l8/378>— Oar- 
bham. 

4-02 

35*24 

0-48 

23-00 

Mj 

10*37 

2-04 

1 

15-20 

0-18 

00-41 

A.238 (18/302)— Kota- 
bacra. 

•• 

37-57 

18-08 

3-47 

7-45 

10-50 

0-83 

16-80 


lOOOO* 

A.131 (18/657)— Bol- 
ra:iL 

3-76 

38-18 

14-22 

11-41 

2-10 

2-06 

0-68 

30-70 

-• 

100-00* 

Uazirlbagh 

3 735 

37 44 

027 

1038 

5 24 

tr. 



* a 

100-66 

Katkaiusandl, Uaza- 
rlbagh. 

3-05 

40-35 

0-35 

30-18 

-- 

21-00 

1 •• 


a a 

looeo* 

lO/lFl-Kalabandi . 

1 

1 

87-74 

21-24 

i •• 

34-00 

a • 

4-01 

2-06 1 

-- 

ioo-o<r 


On calculation into terms of garnet molecules these analyses 
can be rearranged as follows: — 


‘ Seo ‘ A M»nnal of the CMogy of Inaia,’ Ft. IV, * Minetklo 
End my discuftdoii of cakterlte in Mem., G of. Surv. ittd., XXX' 

• Mem., a ol. Surv. Ind., XXXVIL pp. 167-166e (1009). 

> Mem . GtU. Surv. lud., XX2^.%t m, p. (1002). 

* Cniculated from rook uialyriB. 


' by y. n. MtlM, m. 8»4b, <1887) : 

nt. 188-188. 
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In two cases again the molecule 3FeO. FegOj.SSiOj, appears and 
in three cases the molecule 3Mn0.Fe20j.3Si02, and in one case 
tlie molecule 3Mn0.Mu20, {.38102. 

VI. Molecular Composition of Indian Garnets. 

Those eight additional analyses have been assembled in one 
talilo (No. 7) with Mr. Godbole’s results, the order adopted being 
tliiit of composition. Although this table contains 17 analyses it 
is not as comprehensive in the garnets represented as would have 
been the case had Mr. Godbole been able to deal with the second 
sot of garnets as origiiuilly proposed. Jn jiarticular it is defective 
in not containing analyses of the garnets of the Indian marbles and 
calciphyros, usually essonite or andradite, nor of the pink garnets 
of the garnet-am()hibolites. 

On scanning this table it will be observed that the pyrope )nole- 
cole is present in quantity (>20%) only in one garnet, which is 
one of the precious garnets of Rajjmtana. The almandite mole- 
cule is present to the extent of over 20% in the first 6 garnets, of 
which the first -1 arc derived from the crystalline schists — mica-schists 
and khondaiite. The spessarlite molecule occurs to tlie extent of 
over 20% in 8 garnets, of which one is from a pegmatite in the 
Nollore district, 0 are from the Gondite and Kodurite Series of the 
Central Provinces and Madras respectively, and one is from a iieg- 
matite cutting the Gondite Series. 

The groisularite molecule is found in quantity only in 2 garnets, 
both of which come from kodurites, one from Visagapatam and one 
from Ganjam. The andradite molecule is found in quantity in five 
garnets, three of which come from the Kodurite Scries of Madras 
and two from the massive garnet rocks of flazaribagh. 

In addition there are shown by these analyses to bo three other 
molecules that must be considered, namely, SFoO.FegOs.SSiOg, 
3Mu0.Fe203.3Si02 and 3Ma0.Mn203.2Si02. The first of these 
occurs in quantity in the calderite of Hazaribagh and in small amount 
in two manganese-garnets from the Kodurite Series of Ganjam and 
Vizagapatam. It* also occurs to the extent of nearly 20% in the 
'* apessartite ” garnet of Glen Skiag in Scotland. We must, it 
appears, accept this molecule as existing in some garnets. It 
requires, therefore, a name, and as th*e Indian locality Katkam- 
sandi is unsuitable this garnet may perhaps be called* akiagite after 
the Scottish locality. 



Table No. 



O tlcnlBt ed from knoirn analysis anJ specific scsvity oi loclc. 
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Tho second molecule, SMnO.FojOs.SSiOj, occurs in large quan- 
tity in tho analj'sis of calderite from Katkamsandi in Hazaribagh. 
This particular analysis has always been considered open to doubt 
and attempts to repeat I’iddington’s results, represented in the table 
by tho other two analyses of garnet from Hazaribagh by Mallet 
and Mr. Godbolo respectively, have failed to disclose the large per 
centago of manganese found by Piddington, However, the exis- 
tence of this molecule in one example of spandite from Garbham 
n the Vizagapatam district (17%) and in one example of spessar- 
tite from Chargaon in the Central Provinces (13%) is proved by the 
two analyses A.219 and 1030, which were by competeiit analysts. 
Wo must therefore accept this molecule also as present in some gar- 
nets, and the appropriate name for it seems to be calderite, as hae 
previously been suggested.^ 

Tho third additional molecule is 3Mn0.Mn20g-3Si02, found 
only in one Indian garnet, at Chargaon in the Nagpur district, C. P. 
This garnet has hitherto been treated as a spessartite, but the abun- 
dant manganese is ])resont as 18% of spessartite, 13% of caldc- 
rito and 35% of 3Mn0-Mn203-3Si02, the balance being pyropo 
and andraditc. Tho analysis was verv carefully carried out by 
tho late Mr. T. R. Blyth, for many years Assistant Curator to tho 
Geological Survey of India, on very carefully picked material. 
Mr. Blyth was known for his accurate analytical work and we must 
therefore accept the result as returned by Mr. Blyth as accurate. 
The amount of material used in the analysis was only | gramme, so 
that it was not possible to determine the state of oxidation. Con- 
sequently the proportions of FoO, FcgO , MnO, and MnjOg, had 
to be calculated on the assumption that the mineral conformed to 
tho general garnet formula 3R0.R2G3>3Si02. Owing to the small 
amounts of alumina (8-05%) and FejOg (8-38%), assuming all the 
iron as being in the ferric condition, there appears to be no 
psoHpo from the SMnO'MngOg’SSiOg molecule. In my memoii on 
tlio manganese-ore deposits of India, already cited, no attention 
w iS directed to this point and the presence of the MngOg 
molecule in tho garnet did not prevent my calling it spessartite. 
ft seems to me desirable, however, to have a name for 
tho molecule itself, and I propose to call it Uythite after 
Mr. Blyth. * 


• Hm., Oeol. Surv. Ind., XXXVII, ^ 184, 
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From this table it is seen that few of the garnets contain a high 
enough percentage of one molecule to be designated by that name 
alone. If names are to be used for the remainder, compound names 
seem inevitable. I find ‘it difficult to devise any systematic method 
of compounding these names ; but f have attempted to allow tor 
any molecule present to the extent of 20% or over, either by amal- 
gamating two names (pyralmandite, spalmandite, spandite, gran- 
dite), or by prehxing the name oi a prominent chemical constituent 
(mangan-almandite, ferro-spessartite, calc-spessartite, mangan- 
grandite). 

It is possible, ot course, to devise formulse to indicate the com- 
position of complex garnets. Thus Uhlig^ assigns the symbol ot 
a chemical element to each garnet, indicating the principal distin- 
guishing chemical characteritftio thereof, and builds up formula' 
according to the molecular proportions of the various garnets. Pentti 
Bskola^ uses formulae indicating the atomic percentages of the 
elements separately in each group of isomorphous constituents, 
preferring this method because in an isomorphous mixture one 
cannot ascertain how the protoxides are combined with the ses- 
quioxides. As, however, one speaks of the various garnet mole- 
cules as if they exist, a conformable idea of the composition of any 
given garnet can be given by a formula built up of symbols indi- 
cating the various garnet molecules. Using the symbols Py, Al, 
Sp, Gr, An, 8k, Ca, Bl, for the 8 garnet molecules cons'dered in 
this paper (see table No. 7), the 17 garnets in table 7 could bo rep- 
resented by formal® of which the following are examples: — 

J.371 Pyralmandite . . • . PyaeAlti SpiGr 7 

18/912 Speaaartite .... Al,]Spg 7 Grg 

A. 210 Spandite Py 7 Sp 23 An 47 Sk(Cai 7 

M.1538 Mangan-grandite . . . PygAI, 4 Sp 7 Gr,sAnu 

1030 Blagnesia-blythite (“Spessartite ”) Pyi«Sp,gAn,eCa,gBl ,5 

Some form of diagram may prove useful in indicating the re- 
lationships ^of a numbef of garnets. For a series of garnets con- 
taining as many as 8 molecules the diagrams used by Ford’* and 

1 FerA. A Naturh. Ver. d. Bkeinl, v. VoI. 07, pp. 307-403, (1010) : consnlted 

inabatraotin Ne»e»Jaihrb.h», MUt. Otd, tt. Pal., Band 1, 1912, p. 22. 

•On the Ekflegjtea of Korway, Videaahapa. Bhrijkr, I, Hat-Natorv. Klaaw, 1921, 

No. 8, p. 8. ’ ' 

* amv. Jow. Sei,, XL, (1910), 
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Enkok in thn papers cited are unsuitable; and instead the type of 
diii^'rani c()iistructe<l in Wate 10 inay bo used. This diagram, 
wliicli is constructed on a molecular basis, is not uninstruotive, 
as it shows a general relationship between mode of occurrence and 
(tomposition. The alinanditc molecule is seen to be specially cha- 
j-acteristie of the argillaceous crystalline schists, and of pegmatite : 
tlie ^ijo^sartito molecule is characteristic of the Gondite and Kodu- 
rito Series and of a pegmatite cutting the Gondite Series : the and- 
Ridite and gros.sularito molecules are abundant in some mcmbois 
of the Kodurite Series and tlie massive garnet-rocks of Haza- 
rihagh whilst the additional molecules skiagite, caMerite, and 
blythite occur sporadically in the Gondite Series, the Kodurite Series, 
and the Hazaribagli massive garnet-rocks. 


VII. specific Gravity of Indian Garnets. 

In his paper on the relations existing between the chemical, 
ojitical, and other physi<“}il prr)])ertie,s of tJio members of the garnet 
gi'oup,^ W. E. Kord makes a study of the relationship between speci- 
fic, gravity and chemical composilion, using 64 aifalyses of garnets 
in which the difference between the observed and calculated specific 
gravities docs not exceed 0-1. Adopting the following specific 


gravity values for the pure garnets : — 

Pyropo 3*610 

AImaii*tit« 4*260 

Spessartite 4*180 

Ornngularite . . 3*510 

Audraditc 3*760 


Ford found that the average difference between the measured 
and calculated specific gravities of his 64 garnets was 0*045, or if 
the plus and minus signs wore taken atu consideration, it was 
only 'f'0’002 : he deduces therefrom that the values assigned above 
to the specific gravities of the various pure garnets must be nearly 
correct. 

Using Ford's values for pure garnets, and taking only those 
Indian garnets that are free from the three new garnets, of which 
the specific gravity is unknown, we may compare the specifilS gra- 


^ Amtr. Jour. Sci., XL, pp. 33>40, (1916). 
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vity values given in Table No. 7 with those calculated from the pure 
garnets. This is done in the- following table : — 

Table No. 8. 



Values from 
Table No. 7. 

Calculiilcd from value 
for pure ganieifl. 

.T.371 

3-98 

3-90 

1. 10 

4'24 

4-09 

F.3e7 

4-00(4-11.116) 

4-04 

13/546 

415 

4-15 

16/9S4 

4-24 

4-04 

i7/C3 .... 

3-96(4-02) 

4-00 

18/012 

4-13 

4-17 

233 . . . , . . . . 

3-72 

3-87 

M.1538 

3-73 
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The Geology of the Andaman and Nicobar Islands, 

WITH SPECIAL REFERENCE TO MIDDLE ANDAMAN 
Island, by K. R. Gke, B.A., ^Assistant Superintendent, 
Geological Survey of India, (With Plates 1 1 to i j ) 


Introduction. 

As a southern continuation of the longitudinal mountain ranges 
of western Burma, and separated from them by the Preparis Channel, 
the Andaman and Nicobar Archipelagoes occur as the peaks of a 
prominent oceanic mountain-arc extending in the Bay of Bengal 
fnmi 10" SO' north latitude as far south as 6" 45' north latitude. 
From this latter point the arc continues m a south-easterly direction 
through the islands of Java and Suiutitra. * 

From a point of view of geology the Andaman Group had pre- 
viously received the attention of R. D. Oldham in 1885,^ and of 
G. li. Tipper during the field-season of 1904-06.* 
ta reference* These authors had also visited some of the is- 

lands of the Nicobar Group. South Andaman 
Island, in the vicinity of J^ort Blair, was inspected by V. Ball* and 
Mallet.* The Nicobar Archipelago had also figured in the writings 
of Ball,® Rink,® and Hochstettor ;• whilst Ehrenburg’ ‘ nude an ex- 
amination of specimens of the Nicobar clays. 

r Ree., Oeol, Surv, Ind., Vol. XVllJ, pp. 136-lAS. 

ajlfem., Qeo. Snrv. Ind., Vol. XXXV, Pt. 4, (1911). 

*Journ. An. Soe., Bengal, XXXIX., p. 26. and p. 231. 

* Bee., Geol Surv. Ind., Vol. XVII, Pt. ?. 

*Die Nikobar Inbeln. Kopenhagen, 1847. Translated SeleeUons, Beeordt, Oort. 
Ind., LXXVII, pp. 106-163, (1870). 

* Beitrage zur Goologie and pliyaiokaliacben Geographie der Nifcotiar Inaeln. Geofe- 
gischen Beobaclitiingcn, von Ferdinand von Iloehattetei. Bkaeder orsteiieicbiarLo* 
Frogatte Novara um ilie Erde in Jahre 1867 — 69. Ocolngiaohe Theil iii, pp. 86-112. 
Wien 1866. Translated in paii. Ref., <7eoI. Surv. Ind., II, pp. 60-78, (1870). StkeUovs 
Ree. Govt, Ind., LXXVII, pp. 208-229, ( 1 870). 

’ On an extensive rock-formation of Siliceous Polycyatina from the Nicobar Islands. 
Berlin Monat^rifhl. 1860, pp. 470-478- Abstiact in Quart. Joum. Gted. Set. London, 
Vol. Vn.pt. 2., p. 118, (1861). ^ 
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It was daring the early part of 1924 that 

Period and extent of present survey was carried out. This 
present survey* * i i 

survey includes — 

(a) the geological mapping of the greater part of Middle 

Andaman Island ; 

(b) a visit to the islands of the Ritchie’s ArchipSlago ; 

(c) a trip to Rutland Island, Little Andaman Island and several 

of the islands of the Nicobar Group. 

I am especially indebted to Col. Ferrar, O.B.E., Chief Commis- 
sioner of the Andamans and Nicobars, for his kind assistance, and to 
members of the Forest Department for their help during the tour of 
Middle Andaman Island. In addition I wish to thank Major R. B. 
Seymour Sewell, I.M.)S., Direct, or, Zoological Survey of India, for 
permission to include the two photographs, forming Plates 11 and 13. 


Middle Andaman Island. 


Middle Andaman, the central island of the Andaman Group, is 
separated from North Andaman Island by Austin Strait, and from 
South Andaman Island by llomfray Strait. It was not visited in 
1904-05, the supposition at that time being that it was frequented by 
the wild* Jar. iwa tribes. These people, however, appear nowadays 
to confine themselves to South Andaman Island and the few 
inhabitants whom wo came across in the Middle Island were quite 
friendly. 

The island is from 15 to 18 miles wide, and about 40 miles in 
length. The eastern coast-line comprises a series of rooky spurs 
separating stretches of sandy sea-shore often 
hyii aiiirei. fringed by coral-reefs. The southern portion 

is, however, much more highly indented by creeks reaching inland 
for a considerable distance and lined by dense mangrove swamps. 

The eastern half of the mainland includes the more prominent 
ridges and hillS) which rise to a height of 1678 feet and 1527 feet 
in the peaks of Mt. Diavolo and Angelica respectively. More cen- 
trally situated is the Mt. Baker ridge which similarly follows a north 
to south strike. But in the northern part of the island the line of 
hill* of which Sound Peak (1188 feet) is ^e hi||tte8t« runs at right- 
an^es to this general trend. 
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flencral Geology. 


The rocks of the island comprise two main 
classes : — 


Vegetation. 


1. The Sedimentary Scries. 

2. The Serpentine Series. 

They tliereforo correspond, as one would expect, with the strata 
of the north and south islands. The serpentines, being the more 
resistant to the action of weathering, fom\ most of the prominent 
hills and ridges above noted. By their decomposition they have 
given rise to a very thick covering of fertile 
soil, anfl iioing capable of containing large 
quantities of water, which they give up very gradually, they furnish 
very dense evergreen jungles of the giirjan type with thick undor- 
growths of cane, bamboo, etc., throughout the year. The sedimen- 
tary areas are also woll-woiKled. In these forests the semi-deci- 
duous ptidouk is most jirorainent, and the change from one area where 
the seiqientine rocks jircvad, to another where the porous sedimenta- 
rics are jirodoininant, is very striking. Where the more inqier- 
vious clays occur among the sedimenlary strata, the forests are more 
d'.nse and rescmlile those of the serpentine areas. 

A note on tlie surface drainage of the island brings out 
‘iimther marked ilifference between the serpentine and the sedimentary 
aieas. The majority of the streams, arising in 
the areas where the more porous sandstones 
and conglomerates prevail, are cither quite dry during the early 
months of the year, or occur as a number of separate pools linked 
togellier by a gradual seepage of water beneath the surface in the 
sandy beds of the watercourses Those, however, which have for their 
gathering-ground the seiqientinc highlands, preserve a continuous 
riow of clear water throughout the year, rendering the valleys 
extremely fertile and suited to cultivation. 

Almost the only roadway through the island is an elephant- 
track used by the Forest Department to connect up Bom-lung-ta 
in the south with Bonnington in the extreme 
north-east. The inspection of the island was 
carried out by making successive camps along this path and working 
east and west as far as possible. Owing to the denseness of the 
jungles, in spite of the tireless efforts of the Burmans who ndcom- 
panied me, progress was often very slow. By making a hurried trip 
along the coast the survey of Idie eastern portion of the island was 


Surface drainage. 


Communications. 
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roughly completed. It was hoped that a similar tour of the west 
coast would allow of the inspection of the western part of the island 
also, but this was prevented by the approach of the monsoon. From 
information received from members ol the Forest Department who had 
visited that area, it seems probable that the sedimentarics prevail 
westwards to the coast. 

For the maps of the island (2-inch to the mile, 1913-14 Survey), 
I am indebted to the Chief Conservator of Forests of the Andamans. 
The map accompanying this paper is a coj>y of tlieso reduced to a 
scale of 1 inch to 4 miles. (Plate 12.) 

Geological forma- above-mentioned, the following stratigraphi- 

cal formations wore recognised : ~ 

1. The Eocene Sedimentarics. 

2. The Ser])entinc Series, probably of Cretaceous age. 

In addition several small outcrops of limestone, probably of a 
more recent age, wore met with in the north of the island. 


1. The Eocene Sedmenfarien.- -Tho Eocene strata com]u ise tlie greater 
part of the mainland and in their lithology appear to be transi- 
tional between the predominant conglomerates 
DescrlpHon 01 strata. sandstones and 

clays of the south, all three types being represented. The conglo- 
merates with sandstones interbedded are characteristic of the more 
northern portion of the mainland whilst the clays, intercalated with 
the sandstones, occur more frequently in the area around Bom- 
lung-ta and to the south. Conglomerate bods are, however, met 
with in the vicinity of the inliors of the older Cretaceous rocks through- 
out the island, being well-represented in the 
higher ground of the island of Porlob. They 
include coarse varieties in which the pebbles are well-rounded and 
range up to several inches in diameter, though the harder quart- 
zitic pebbles are somewhat angular. The pebbles include chiefly 
white and yellow quartzites, with red jaspers and grey quartzitic 
sandstones. In addition small pebbles of serpentine rock occur 
together with volcanic tyiJCs, usually of andesitic or veucular basal- 
tic character. The larger felspars of these volcanics are often re- 
placed by caloite, or the rock has apparently undergone silicification, 
Woming somewhat cherty. The conglomerate matrix is often arenace- 
ous, but sometime argillaceous, of dull-green colour, and probably 
derived largely from the serpentines. 


The conglomenitet. 
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The aandutoues grade into the conglomerates and vary consider* 
ably in toxturu. They are usually porous and sometimes slightly 

The neiiiitniirn micaceous. Their colour varies with the na- 
ture of the iron-content, green types being 
prevalent, but brown and yellow varieties, the latter often showing 
concentric r<ugs due to more intensive staining with ferric oxide, 
occur in some parts of the island. In other cases the iron occurs in 
a more concretionary form. Forming the falls of many of the streams 
ot the eastern half ot the island, those sandstones are very massive, 
in some parts, they, together with the other sedimentaries, contain 
local intercalations of gypsum. 

Identifiable fossils were obtained from a bed of blue-grey cal- 
careous sandstone in the northern part of the island. These wore 
, foraminifera of the type Assilina granulosa 

r^ils and age of the J’ Archaic, characteristic of the Lower Eocene 
san ■ one sc es. Sind, Baluchistan, the Punjab, and 

Lower Burma, and denoting an horizon equivalent to the Laki 
beds of those regions of western India. This is the same species of 
assilina as was found by Tipper in the rocks of the southern island ; 
it is illustrated in Plato Id, Fig. d. The cross-section of a similar 
form taken from the same piece of sandstone shows from 4 to 5 whorls, 
the outer IJ to 1 wliorls being large and not increasing very much in 
size after the second whorl. The se])ta are almost vertical, about 
20 in a wliorl, and tlio cliambers about times as high as broad. 
The specimens show no sign of wear, bugg< sting that they are not 
derived from pre-existing Eocene sediments. They therefore point 
to at least a part of these sedimentaries being of Lower Eocene ago. 

In the more argillaceous types of sandstones which occur asso- 
ciated with tlio clays of the Boin-lung-ta valley, occasional unidenti- 
fiable plaut-fraguients arc to be found. 

The clays are usually dark or light-green in colour, together with 
bluish varieties. Tiiey are often considerably indurated andshaly, 
us exposed in the Bom lung-ta valley. Several 
small outcrops of coal were met with, aiSio* 
oiated with the clays and sandstones of the south. These were 
sometimes of lenticular form, up to 18 inches in thiokness, 
and appeared to be of the nature of ‘ pockets ’ in the sediments. 
One exposure, in a western tributary of the Bom>lung*ta Biver to 
the north of the camp, suggested a more definite seam about 16 
inches in thickness. The coal was <A. a jet black oolcnr and ol a 


The dsy bedi. 
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voiy friable texture, and burnt with a very smoky flame. Other 
loss carbonised plant-remains occur in many of the clays. OcdR- 
sionally calaoareous concretions taking an ovoid form occur in tne 
clay beds. 

The occurrence of pebbles of volcanic rock in the conglomerates 
of the island has already been mentioned. In addition, the inclusion 
of material of definite volcanic origin in the sandstones is very pe- 
culiar (Plate 14, fig. 1). The sandstone grains are usually very 
angular and include fragments of volcanic ash 
ni^rodc**"** '^****" numerous fragments of angular fel- 

spars. By the decomposition of these consti- 
tuents the rock becomes very porous and often friable. Such ashy 
sandstones are prominent in the conspicuous hill near the Yol Jig 
and again in the north of the island in the green sandstones around 
Bonnington. Similar strata al'so oocur in other parts of the island 
grading into bods of volcanic tuff usually of andesitic type. Such 
definite vulcanic ashes appear to occur at the base of the sandstone 
division. 

More striking, however, is the occurrence of outcrops of de- 
finite volcanic rock of intermediate and basic character. In the 
Bom-lung-ta Crcelk, a short distance above Sinkar, an isolated out* 
crop of 'basalt' occurs in the mangrove swamp. The rock is an oli- 
vine basalt consisting of numerous lath-shaped labradorite crystals 
with marked flow-structure (Plate 14, fig. 3). The olivine occuis 
as fairly large crystals partly decomposed into calcite and serpen- 
tine. Unaltered augite is also present. These constituents together 
with the numerous felspar laths are included in a brown matrix 
in which magnetite grains are frequent. Irregular cracks in the 
rook are filled with spherulites of secondary mineral of a faint green 
colour, probably serpentine. Again, in a stream leading down the 
western slopes of Mount Wood, a large boulder of green vesicular 
volcanic rock was observed (Plate 14, fig. 2). 1 was unable 

at the time to trace this rock up the slopes to its point of 
origin, and had hoped to make a more detailed seaich from the cast 
coast. On account of the shortness of the visit to the latter portion 
of the island at the end of the season the area was not re-examined. 
The rook is a vesicular augite andesite consisting of large porphyritie 
crystals of albite, some augite, and with numerous vesicles filled with 
secondary greeh oeladonite(7) in the form of spherulites. The matrix 
is brownish-gieen in dolour, composed partly of glas«. Near the 



214 


accords oj the Geological Survey oj India. [VoL. LIX, 


same locality a )>ur])lo breccia of angular blocks of andesitic rock 
outcrops in the stream-course. 

The question of the stratigraphical ago of these volcanics is some- 
what speculative considering the number and the nature of the out- 
crops met with. Flora the fact, however, that these volcanics are 

Strati ra hical osl pehbles in the Lower Eocene con- 

tiott of the volcanics. glomerates, and, on the other hand, do not 
exhibit the marked alteration which the older 
rocks associated with the serpentine series show, it is probable that 
they represent a phase of volcanic activity following on the primary 
upheavals of those older serpentine rocks, and preceding the deposi- 
tion of the Eocene sediments. 


2. The Serpentine Series . — As previously mentioned the serpentines 
and their associated rocks comprise many of the hills and ridges of 
the central and the eastern parts of the island. These include 
altered basic and ultra-basic intrusions of plutonic type with oc- 
casional dolcritic dykes, occurring in close association with red and 
green jaspers, puqde porcellanic limestones, hard grey and yellow 
quartzites, together with occasional outcrops of palcareous gneiss. 

The rocks composing these plutonic complexes vary from augite, 
enstatito, and bronzite peridotitos, composed almost wholly of the 
^ , pyroxene with olivine, to more felspathic 

typos belonging to the gabbro group. The olivine 
is often largely altered to serpentine. In these rocks numerous 
magnetite grains are often included, together with crystals of 
picotitc ; occasionally chromite crystals were 
definitely observed in the rock-section. This 
mineral" chromite— was noted in specimens 
of enstatite peridotite from the Sound Peak inlier, and also 
from similar rocks from the serpentine area to the south of Beta- 
pur-dina. In many cases these rocks had suffered considerably 
from crushing and shearing, so that most of the primary minerals 
had been decomposed and largely replaced by green serpentine. A 
... „ . peculiar rock, apparently the result of the altera- 

tine. tion of these ultra-basic intrusives, was seeil to 

crop out near the indurated sandstones and shales 
at two points in the stream to the north of Beta-pux-dina? The 
rock was of a distinct glassy type, of Jight green colour, resembling 
jade though very much.Softer ; it is talcose and could be easily ground 


Occurrence of chro* 
mite. 
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into a fine white powder. It outcropped almost vertically in the 
water-course in a very much shattered state, separating readily along 
wavy planes as though these represented surfaces of fiow of a very 
viscous liquid. Following these curved surfaces were flakes of 
calcito. It is probable that the junction with the sedimentarics 
was a faulted one and that the intense alteration of the exposed 
rock is the result of the crushing at the fault. Several other ex- 
posures of altered serpentinous rock were met with, but usually 
the connection with the sedimentarics was hidden by alluvium. 

The older sedimentary beds include four prominent rock types : 

(a) Jaspers. 

The Older Sedimentarles. Porcellanjc limestones. 

(c) Quartzites. 

(d) Calc-gneisses. 


(o) The jaspers.- -The jaspers occur as red and greenish types 
sometimes in the vicinity of the serpentines but also as individual 
outcrops among the younger sediments of Jaiwer Tertiary ago. They 
are often reticulated with thin veins of white quartz, and fracture 
conchoidally or into very angular fragments. They are quite distinct 
from the group of younger sedimentarics and doubtless owe their 
present indurated character and shattered appearance to the effects 
of the intrusion of the plutonics and to the subsequent earth-move- 
ments which have resulted in the folddd character of the rocks of 
the island. They constitute the northern promontory of Porlob 
Island, Rosamond Point, and the coastal spur just south of Cuth- 
bert Bay. They also crop out at several places on the mainland. 

(b) The limestones . — The limestones are of a purple or dull-red 
porcellanic type, and occur ai^ small inliers among the Tertiaries. 

(c) The quartzites . — The quartzites are associated with the older 

sedimentarics in the neighbourhood of the serpentines. They are 
usually of a grey colour, very hard, and in section consist of a mosaic 
of quartz-grains of medium texture. They appear to be quite dis- 
tinct from the later sandstones, their purity alone indicating them as 
a separate group. Occasional outcrops of yellow quartzites occur 
with the red jaspers.' Large boulders of similar rock are seen in 
the Bom-hing-ta stream a short ^stance above the forest camp of 
that name. . • • 
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{d) The cak-gneisses . — The calcareous gneisses occur as very 
occasional outcrops among the sedimentaries. Very similar to 
exposures seen in the southern island to 
of itae^c gnei^.‘ i-h® south of Port Blair and along the coast of 
Woodmason Bay, Rutland Island, they evidently 
formed a jjart of the pre Tertiary land-surface on which the younger 
sediments wore deposited. They are minutely foliated and have 
apparently been derived by the intense metamorphism of the 
highly calcified serpentine rocks, for they are seen in section to 
contain occasional chromite grains and inclusions of green serpen- 
tinous material. Subsequent dynamic metamoiqihism has resulted 
in the foliation of these altered calcified products. 

Small outcrops of these rocks occur in the neighbourhood of the 
serpoutinos, also in the valley near the village of Bom-lung-ta, and 
on the coast* just to the north of the Cuthbert Bay promontory. 


Exposures of limestones, probably of Post-Eocene Age. 

In addition to the above-described strata several small outcrops 
oi cream and grey limestones occur in the stream-beds of the northern 
,, . part of the island. Their included fossils in- 

fhamnloii. dicate a higher horizon than that of the arenaceous 

sediments of the mainland. In one of the 
eastern tributaries of the Tugapur Biver, not far from the main 
stream, a cream-coloured limestone occurs jutting out almost 
horizontally from the western bank. The latter being composed 
largely of sandy alluvium, the relations with the arenaceous sedi* 
ments of the neighbourhood ore obscured. A section of this limestone 
when examined under the microscope shows the rock to be composed 
largely of small nummulitea which in cross-section are somewhat 
globose (Plate 16, fig. 4). Together with these foraminifera are 
fragments of the alga, Lithothamnion. The latter contain concopta* 
9I0S, lying near the surface of the filament, ovoid in vertical section, 
and opening at the surface for the dispers'on of the spores. 
These conceptacles are of the type figured by Botbpletz* under the 
name of Lithothamnion suganum. Plate 16, fig. 2. As noted previ- 
ously^ a section of these nummulitio limestones strongly suggests the 
form Numniulites planiilatus. It was impossible to Mctract a 


* Fotfile Kalkalgen, Zeit, deutteh, geol. Qta,, VoL XLIII, p. 295, (1891). 

* See., Geal Sure. Ind., Vol. LVUI, pt. 1 , 98, (1925). 
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specimen from the limestone for examination, and on reconsideration, 
aftrr an examination of other limestone exposures, it seems probable 
that the deposit is of a more recent ago than is suggested by this 
horizon fossil. In this limestone echinoid spines are moderately 
abundant, while other foraminerifera, Nodosaria and Globigerina, are 
occasionally included. 

Again, in the eastern part of the island large boulders of greyish 
limestone are met with in one of the streams. Tliis in section reveals 
the Lithothamnion fragments containing pear-shaped conceptacles 
arranged in a row parallel to the curved outer surface and very 
similar to the types figured under the name Lithothamnion nummu- 
h'ticum. (Plate 16, Pg. 1.) Although these included fossils give no 
very definite evidence of the horizon of the limestone, a middle or 
late Tertiary age is suggested by the occurrences of a very similar 
limestone in parts of the other islands. 

Definite evidence of a late Tertiary deposit was met with in the 
northwestern islands of the Bitchie’s Archipelago, and there is reason 
to suppose an incursion of the sea over some parts of the mainland at 
a similar period, forming a shallow-w'ater gulf for the deposition of 
these limestones. 


The Ritchie’s ArohipelaQo. 


Pocitior. 


The Ritchie’s Archipelago includes the group of islands lying 
from ten to fifteen miles to the east of the Middle and Pouthein 
Andaman Islands, between latitudes 12° 20' 
and 11° 46'. The main islands of the group — 
Neill, Havelock, Nicholson, John Lawrence, Henry Lawrence, and 
Outram Islands, run in a general north- to- south direction, and are 
separated by shallow creeks, along the shores of which mangrove 
swamps fiourish. Mangrove is also prominent along the less ex- 
posed portions of the sea-coast, separated by spurs of clays, argil- 
laceous sandstones and shelly limestones, of which the islands are 
composed. 

Fairly thick forests prevail throughout the islands. In those 
parts where the impervious clays are predominant the evergreen 
types of jungle flourish, but in ether areas 
where the more pervious limestones prevail, as 
for example on parts of Wilson Island,’ petdeuk and other deciduous 
trees, with a less dense undergrowth, are present. 


Vetetaflon, 
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Tbo islandfl had previously been visited by R. D. Oldham, who 
had dosiguated the days of this archipelago as quite distinct from the 
(leologf of the Mandi sedimontarics of the main Andaman group, 
vieited. and had correlated them with similar beds of 

the Nicobars, probably of Miocene age. 

In general the strata of the islands can be separated into two 
main groups: 

A more recent division of very loosely consolidated shelly 
sandstones containing numerous gastropod and lamdlibranch shells 
with occasional corals and echinoids. 

A lower series of grey and greenish clays, argillageous sand- 
stones, white shelly limestones and occasional couglomoratos— the 
Archipelago Group of Oldham. 

The Archipelago clay series are more affected by earth-move- 
ments than the upper beds, and where these latter deposits occur 
they are almost horizontal or very gently inclined, whilst the clays 
outcrop with a general north-to-south strike and an inclination as 
high as 60° in some parts of the archipelago. In no case, however, 
has the folding been so intense as with the rocks of the mainland, so 
that from their general appe.%rance and structure, these argillaceous 
beds signify a younger .series of sediments than those of the Middle 
Andaman Island. 'L'hc stratigraphy in greater detail of the islands 
visited was as follow.s 

1. Sir Hugh Ro.<t€ Island . — A visit was paid to the northern 

point of this most southern island of Ritchie’s Archipelago. 
In a steep cliff-section a shelly sandstone occurs resting on tho, 
clays. This sandstone contains numerous imperfectly preserved 
specimens of gastropods and lamoHibranchs, most of which have 
been dissolved and only their ferruginous casts remain, so that the 
rooks are very porous. Where the shell-fragments are most abundant 
the matrix has become consolidated to form a hard band of impure 
shelly limestone. Although no identihable species could be procured 
from the deposit the general appearance of the fauna, and the 
occurrence of the rock, assign it to a more recent group of Tertiary 
sediments than the clays. It is obviously a Shallow water deposit 
and corresponds with the partially consolidated shell sands of Neill 
Island and the ferruginous shelly sands of Outram Island to be 
considered later. ^ 

2. NeiU Island. — A. largo portion of Neill Island is composed of 
the light-green and grey Archipelago clays. These are well-exposed 
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in the clifis of the north-eastern part of the island where they dip 
northwards at an angle of 25'^. 

The cliffs of the western portion of the island are. however, formed 
of a yellow shelly sandstone, partially consolidated and weathering 
in honey-comb fashion. This sandstone dips north-west at 20°, in 
the point to the south of Cape Menrs. It contains fossiliferous bands 
in which specimens of echinoids and lamellibranchs were obtained. 
The latter resembled recent species of the genus Pecten. The 
echinoids, however, gave a more definite Indication of the strati- 
graphical horizon of the deposit. One specimen, a type of Maretia, 
is almost identical with the living species Marcia jidanulatus, now 
found in the Andaman seas. The specimen is slightly more flattened 
than the living type but this may possibly be due to crushing in the 
deposit. Considering the rapidity with which evolution took place 
in the echinoids in the Tertiary epoch the striking resemblance of 
this fossil type to living species is strong evidence for a fairly recent 
horizon for this deposit, probably as late as the Pleistocene. A 
fragment of the test of a Temnopletiru.s t}rpe of echinoid was also found 
in the deposit. The rock is obviously of shallow-water origin, and 
the relative uplift of this island appears to have been going on quite 
recently, for on parts of the coast boulders of recent coral, occurring 
above high-water mark, extend inland for some distance. 

3. Havelock Island. — This is the largest of the Archipelago is- 
lands, being about 11 miles long and up to 5 miles in width. A 
tour was made around the coast of this island, where the best sec- 
tions are available. The interior is covered with thick forests and 
swamp. The grey and white clays again form the greater part of 
this island. In several parts of the coast a level tract, a few feet 
above high-water level, extended inwards for a short distance. Oc- 
casional pieces of coral and recent shells were met with, suggesting 
possible relative uplift in recent times. On the other hand in some 
places these might represent a deposit of fine sand blown up by the 
monsoons on to the coral reefs which fringe the sea-shore at many 
points. 

The white clayS are well-exposed in the steep olifls around the 
coasts. In the north-west promontory they dip north-west at 
46°. Further south blue-grey sandy clays are intercalated. In 
the neighbourhood of Prince’s Inlet and continuing to the south to 
Sail Bock the white and cream-floured clays are predominant, 
the dip changing, through north-east to east, and in the extreme 
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Houth of tho island tho inclination is to the south, up to 46°. Ap- 
proaching these prominent white cliflEs down the western coast, 
fine argillaceous light-green sandstones are intercalated in the clays, 
and a small ovorthrust to tho south is exposed in tho coastal section, 
in these arenaceous bands an imperfect fossil belonging to the genus 
Peclen was found. A short distance further south several types of 
lamellibrauchs and a Deidalium were discovered in the clays. Tho 
shells of these specimens, though quite well preserved, were much 
decomposed and very fragile, so that they readily broke up when 
removed from tho matrix. They include : 

A species ol Pholas, similar to that figured by Noetfing as P. 
orientalis. * 

A species of Pinna. 

A Denialium similar to the t}rpo figured by Martin as D. nang~ 
qulanense. 

A form of ^lamellibranch was also included. Although these 
fossils throw no very definite light on the exact horizon of the depo.sit 
in which they occur, they, certainly suggest 
Probob'c shallow* conditions under which these argillaceous 

water orisln ol the beds have been deposited. All the specimens 
Archipelago clay series. e.Kceptionally thick-shelled, suggesting that 

tho deposit is of shallow-water origin, certainly 
not of the deop-ooze class of sediments, as indicated by some pre- 
vious writers. Again, a short distance oast of Sail Bock a light- 
green slightly carbonaceous clay crops out with soft argillaceous 
sandstones, adding further evidence to the supposition of a shallow- 
water mode of formation for the series. Up the east coast, 
harder grey and green arenaceous bands stand out from the softer 
clays, tho dip being to the south-east at an angle of from 40° to 60°. 

In general structure, therefore, the rooks of the island appear 
to occur as an anticline with its axis running north-east to south- 
west, and cutting through the island between Melville Point and 
Prince’s Inlet. 

3. Nicholson Island . — Nicholson Island is largely surrounded by 

a fringe of mangrove swamp except in the extreme south-east. At 
this point tho wUto clays stand out prominently. Inland the island 
is well forested. w 

4. John Lawrence Island . — Mangrove again hides any exposures 
over a considerable portion of the coast, though several clifi-pectiops 
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are observable. In the south of the island light-grey and white 
clays are predominant, with intercalations of fine argillaceous, slightly 
micaceous sandstones. The latter exhibit false-bedding at certain 
horizons, and dip in an easterly direction at from* 8” to 10**. 

5. Henry Lawrence Island. — Much of the eastern coast of this 
island is lined with mangrove swamp, but the sedimentarics stand 
out at several points forming white and grey cliffs in the southern and 
the northern parts of the island. In the extreme south the strata 
strike in a general north-north-west direction,. the rocks occun’ing as a 
low anticline followed by a syncline to the cast. The dip varies up 
to 12°. The rocks are of the argillaceous types previously met with. 
A short distance up the Kwangtung Strait a stretch of loose sand 
containing recent marine shells and raised about 6 feet above high- 
water level occurs within the shore, suggesting a relative fall of 
sea-level within recent times. 

The exposures of the north-east of the island were also visited. 
The strike is here in a north-west direction, the strata cropping out 
m a synclinal, in which the dip varies from 20° to 46°. White 
clays and argillaceous sandstones occurs in the north with a hard 
well-jointed blue-grey limestone interbedded further south. 

6. Outram Island.- -This island, situated just north of Henr} 
Lawrence Island, consists of two north-to-south-striking ridges 
linked together by a low isthmus. Sandstones are here more promi- 
nent with the argillaceous strata, and in the south-western point 
of the island these dip north-east at 30°. In the north-west comer 
dark-grey clays are intercalated in the strata, which here dip south- 
east at a low angle. 

In the extreme south-east of the island another cliff section is 
observed. This however comprises more recent strata than the 
clays and consists of a series of yellow sands 
Occumnee oi fer* with shell fragments, dipping north-east at 6°. 
raflnoitt (belly sandi. At the south-east point of the island thAe beds 
pass into a series of alternating ooarse-iex- 
tured brown ferruginous shell-sands separated by harder consolidated 
bands of a similar nature. These harder layers are from 4 to 6 
inches in thickness, whilst the softer, only partially consolidated, 
or unconsolidated bands range up to two feet in width. The rock 
contains numerous fossils, many fragmentary, but others from the 
softer layers can* be obtained in goodjeondition. They include corals, 
gastropods, and lamellibranchs, together with several small fora* 
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iniiiifcra, and a carapace of a crab. This latter fossil, Major R. B. S. 
►Sowell lias very kindly identified as belonging to the genus Phyllyra. 
Jn general tlio fauna is representative of a late Tertiary horizon. 
Seveial of the spoeies appear to be identical with the Miocene types 
from Burma as figured by Dr. Nootling, whilst others were compar- 
able Avith roc-cut forms now living in Indian seas. It is suggested, 
therefore, that these strata arc of late Tertiary, Pliocene or Pleisto- 
cene ago, and coiTcspond with the newer sliallow-water deposits of 
Neill Island and others. They, too, wore obviously deposited at no great 
dojith. 

Those fossil foims include : 

Coials. 

Forms similar to Pcimcyat A m.'! cnridw.'i, Noet. spp. to Ceratatrochus 
and Gastropods. 

Toriniu spp. 

Conus spp., similar to C. odengensis, Mart., but also resembling 
closely some recent ty])es. 

Conns spp., resembling C. gmtralis of Recent ago. 

Fubus, 15 s])])., one s]»eoic‘8 closely resembling F. amhustm. 
Drillia sjip. , 

Olivia spp., very .similar to 01. australis Duclos var. 

Natira, 2 spp. 

Turbonilla .spp., resembling T. rufa from the Pliocene. 
liissoinu spp. 

Dentalkim spp. similar to D. tenuistrintum. 

Lamellibratichs. 

Pecten, .‘1 spp., belonging to the sub-genus Cklamys and resem- 
bling the species ^jamnus ’ as figured by Martin. 

Venus, dllforiug slightly from Cryptogranma scahra as figured 
by Martin. 

Leda virgo. 

Cuspidaria spp., similar to C. cuspidata. 

7. Strait Island .— small island is situated within 3 miles 
of the mainland, due west of Outraui Island. The rocks of the island 
form a steep broken anticline with the axis running north to south, 
and cutting through the island just to the west of the southern 
promontory. The strata include the while and grey clays, bu1(^with 
them are associated bands of shelly sandstone with ferruginised shell 
fragments. Conglomerates occur as a band in the south-western 
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sodimentaries. Thoso lattor 1)cds, dipping at a fairly steep angle, 
are interesting from the fact that they contain several types of 
fishes’ teeth. They are comparable to the Mid-Tertiary typos of 
other areas but give little definite infonnatiou concerning the ago 
of the clay series. Several of the types belong, as one would expect, 
to the shark family. 

8. Colebrook's Island,— Colcbrook’s Island, like Outram Island, 
consists of two rock ridges at the eastern and western extremities of 
the island, linked together by a low-lying isthmus of mangrove. 
The rocks of these two eastern and western promontories differ 
markedly from each other. In the south-eastern one the white 
cliffs of the Archipelago clay group of sediments are well seen. 
Forming the south-western point of the island, the older rocks, 
as met with on the mainland of Middle Andaman Island, are observed 
in the coastal exposures. These include the pink procellanic lime- 
stones, together with brecciated red jasper rock and conglomerates. 
The relations between these two series are, however, hidden by the 
stretch of nungrovo swamp separating the two o.vposurea. 

9. Long Island . — Long Island is situated off the south-east coast 
of Middle Andaman Island. Around the oast coast coral beaches 


_ • raised a few feet above the present scti-levcl 

stretch inland for a short distance. Further 
inland, forming the hilly ground, arc outcrops of calcareous shelly 
sandstone, yellow and grey in colour, and containing numerous 
shell-fragments, by the partial solution of which the rock has become 
consolidated but remains porous. These grade into shelly lime- 
stones. White and grey argillaceous limestones and clays also 
occur in the north of the island. The rocks definitely belong to the 
Archipelago Group of sediments. In the centre of the island, a 
waterfall in the stream, where calcareous sandstones are exposed, is 
covered with a deposit of recent tufa, which is still forming 
rapidly. 

10. Wilson Island . — Wilson Island, a small island lyipg among 


the northern islands of the main Archipelago, reveals the lower grey 
clays and fine sandstones* around the coast. Above these, forming 
the higher parts of the islaiid, a white porous limestone is seen. 
A section of these limestones shows them to contain LepidqcydinoB 


and fragments of algse, probably Lithothamnion. 

From the abov^e investigations it seems probable that, as suggested 
by Oldham, the main olay series of these islands comprises strata 
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of Mid-Tortiary ago. Tboso, from the evidence of their included 
foasils, carbonaceous inclusions, sandstone and conglomerate bands 
in various parts of the islands, appear to be definitely of shallow 
water origin, or formed at only a moderate depth. It is suggested 
that they were laid down in the seaward extension of the gulf which, 
stretching northwards into Lower Burma, resulted in the estuarine 
formations of that area during Miocene times. Following the forma- 
tion of the clays and their associated sandstones, the foraminiferal lime- 
stones as seen in Wilson Island, and the shelly limestones of Long 
Island, were deposited ; and at a later period the shelly sandstones 
and unconsolidated sands, as exjiosed in the soiithern islands of the 
group and again in Outram Island, were laid down in the shallow 
coastal seas. As a result of a quite recent relative uplift of the 
land, these late deposits were raised above sea-level to form the 
dills of the islands as indicated. 


Rutland Island, The Qnquk Islands, and Liiilk Andaman 

Island, e'ic. 

liutlntid Island . — The greater part ol Rutland Island is com- 
posed of the rocks of the igneous series. Serpentine rocks predo- 

Saiulstones of the 

north of Rutland Island, dtes, together with the foliated rale-gneiss, 
also crop out occasionally. In the coastal sec- 
tion just north of Woodmason Bay on the west coast sandstones and 
shales occur and extend throughout the north-western portion of 
the island as far as the promontory named Norman Town. These 
sandstones, etc., resemble representatives of the Port Blair series of 
Lower Tertiary sediments. In this northern part of the island they 
occur as an anticline followed by a syncline in the extreme north- 
west with an axis running north-east to south-weSt. The dip 
varies from 30° to 50°. The rocks are mainly sandstones, slightly 
micaceous, and blue-grey or yellow in colour. In them bands of 
bedded mudstones are intercalated. 

Several islands of the Labyrynth Archipelago were visited ; Jolly 
Boys Island, Malay Tapu, and Hobday Island. In these islands 
similar sandstones predominate, together with bands of grey clays, 
the strata being thrown into a series of folds striking north-to-south. 
This structure is well exposed in the cliffs of Malay Tapu, 
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A visit was also paid to the two small islands, the Twins, to 
the west of Rutland Island. -With outcrops of the veined plutonics 
Evidence of recent their associated rucks, the coast also shows 
relative uplift of the evidence of recent relative elevation of the 
land in the occurrence of a sandy beach about 
G feet above high tide, and again in the presence of a recent pebble 
conglomerate similarly raised above the present high-tide level, 
and fringing the coast of tJje north-western part of the western 
island. 

The Cinque /«/«<»(/».— The rocks of the Cinque islands comprise the 
older serpentine series, mainly altered peridotites in which one 
typo rich in bronzitc stands out prominently. Associated with these 
altered plutonics are occasional grey quartzites and veined volcanic 
rock. The latter is composed l^gcly of minute fel8|>ar crystals and 
hornblende derived from augite ; the felspars show definite parallel 
orientation. 

A raised beach of hno sand with recent shell-fragments about 16 
feet above high-water level occurs on the west coast of the southern 
island. 

Little Andam&n hland.— 'tbiB island, lying to the south of Rutland 
Island, and continuing the chain into the Nicobar Group, was visited 
at two points, at Jackson Creek in the north-west and at Hut Bay 
in the south-east. The island is very low-lying and covered with 
thick jungle. The interior has not been surveyed. The inhabitants, 
though supposed to be closely allied, to the hostile Jarawa tribes of 
South Andaman and of North Sentinel Islands, were found to be 
quite amicable so far as our investigations were concerned. Very 
few rock exposures occur on the coast, the sea-shore consisting 
of stretches of fine sand separated by intervening mangrove 
swamps. 

At Jackson Creek an exposure of light-green slightly micaceous 
fine sandstone forms a prominent cliff on the north-east side of the 
bay. These sandstones >are weathered in honey-comb fashion be- 
tween high and low water marks, and resemble in lithology some of 
the Port Blair types, though on the whole of a finer variety. Bands 
of argillaceous sandstone are interbedded. The rocks dip gently 
to the east at from 16° to 18°. From the sandstones occurring 
just above high-water level an imperfect i^imen of Peeten, a tlun* 
shelled form, was obtained. 
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Tlic erosion of tliosc sandstone cliffs during recent times again 
y>ointH to a relative depression of the sea-level. A definite jdat- 


An uplifted coastal 
platform. 


form, evidently the result of coastal erosion, 
now situated about 10 feet above the present 
eroded coast-level, together with a small cave 


in these sandstones well above the present high tide mark, bear 


evidence of recent earth-movement. 


A landing w.i8 next made at the south-west corner of Hut Bay. 
At this point unquestionable evidence of the occurrence of beds ot 

Recent coral rock of above the present 

the mainland around sea-level, was noted. Following inland a short 
Hut Bay. distance, a small stream enters from the west, 

fn the bed ot this stream boulders of recent coral were abundant, 
and also occurred in the dense undergrowth in the vicinity of the 
stream. From the low-lying topography of many parts of tho 
island it seems possible tliat other parts of the coast are composed 
of similar coiul evposed by a recent relative uplift of the land. 

An interesting point was the way in which the natives of the is- 
land obtained sup])lios of fresh-water from tho coral rock of this part 

Supplies of fresh- coast. This fresh- water, forming a part 

water from the coral of the drainage of tho interior, percolating 
”’*'*‘* tlirough the very porous raised coral rock, 

w.is apjiarently held up by the denser sea- water of the coast, and 
cjiuld be obtained from the larger cavities in tho coral, now covered 
by a dense undergrowth, at a depth of about one to one-and-a-half 
feet, below the surface. This Was at a point about 60 yards distant 
iroin tho sea-coast. The level of the fresh-wator, so far as one could 
judge, appeared to be almost the same as— perhaps a little above — 
the surface of the water in the bay. It is somewhat surprising to 
find that this water, occurring so near the coast, and in a rock in which 
the conditions for rapid transfusion appeared to be very favourable 
should remain uncontaminated. 

A more striking example of this phenomenon was observed later 
during tho visit to the Nicobar Islands; this is described below 

(p. 228). 

At the northern point of Hut Bay a dissected promontory of 
sleep dills of white and cream-coloured foraminiferal limestone 

UMk.in.ln IlM of n>iitli.«i^ 

Stone occurrence. coast. No defimte stratification is observed* 
the rock surface weathering in honey-comb 
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form. Included in the limeHtono are blocks of green and brown 
sandstones of varying sizes, similar in type to those forming the 
exposures of Jackson C*reek. As detached blocks within the roach 
of the tides, similar limestone was seen to include blocks of red jasper 
and veined gneiss. It seems probable that the latter boulders of 
more ancient rock were brought some distance by the sea, and not 
derived from the existing strata of the neighbourhood. The inclusion 
of the blocks of sandstone at least suggests a late Tertiary age for the 
deposit, and such is supported by its general character and nature 
of ^occurrence. A microscopical section of the limestone shows 
it to consist of a number of small nummulites and fragments of 
Lithothamnion, together with a reticulation of calcareous meshes. 
(Plate 16, fig. 4.) The Lithothamnion fragments show concep- 
tacles of the L. suganum type (Plate 15, fig. 2). Other small forami- 
nifera, including Texfu/am, are occasional. These foraminiferal and 
algal remains are embedded in a matrix of ciystalline calcite. The 
limestone appears to represent a coastal formation formed in late 
Tertiary times and recently raised above sea-level. 


Thk Ni(X)BAtt Islands. 

The Nicobar Islands continue the Andaman arc to the south, reach- 
ing a point as far south as 6° 45' north latitude. Three nmin 
types of strata are represented in the rocks of 

' Sltuetion. the Archipelago. In the islands of the northern 

half of the group the serpentine series to- 
gether with the grey Nicobar clay group of Mid-Tertiary age are 
dominant, whilst in the islands of Little and Great Nicobar, and of 
Kondul and Pulo Milo associated with this southern portion of the 
chain, the arenaceous facies suggesting relations to the rocks of the 
main Andaman Group, are observed. 

During the cruise, brief visits were paid to the following islands ; 
Ear Nicobar Island, Chaura, Eamorta, Tilanchong, Batti Malv; 

and in the south to Pulo Milo, Kondul, and 
Great Jilicobar Island. 

1. Kof Nicobar Island . — The strata of Ear Nicobar, the most 
northerly island of the group, include the soft grey clays of the central 
portion of the island and of parts of the coast, partially surrounded 
by a rim of raised coral of Recent age. This fringe of coral is 
prominent all along the east coast of the island and on it the coconut 
flourishes in abundance. A visit was paid to the village of Mus in the 


Bstent sf vMt. 
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extreme north of the island, and an inspection was also made of the 
coast oi 8awi Bay. The laiscd locent coral rock and fine sand 
doijobjt form the site ol the village, aid in fact, of most of the 
settlements of the island. This is no doubt on account of the ease 
with which an existence is obtained from the growth of the coconut, 
and also from the fact that at these points fresh-water is obtainable 
throughout the year. * 

A note on the supply of drinkable water for the village of Mus is 
worth recording. Much liquor is obtained from the coconut itself, 
but wells of drinking-water occur in and around the village. These 
wer(! all sunk in the coral rock, often at quite short distances from the 
sea- shore, and the su])ply of uncontaminated water continued without 

^ . . a break. Further inquiries from Mr. B. Hart, 

The water-supply of i u x- i i. x- r • • xu 

the village of Mus. ihe only Britush representative living in the 

islands at that time, resulted in the following 
written statement : “ Our water-supply is fairly abundant. Our 

deepest well is 27 feet and has 7 feet of water, quite fresh. My own 
well is l.T foot deep and has 3 to 4 feet of water. At high tide it 
has more, as the water rides on the tide, but it is quite fresh. 
Other wells are to (J feet deep. All are dug in coral rock and give 
oxce11(*nt wati'r. Some arc only 50 yards from Ahe sea and others 
well inland. We have no pumps and all wells are open ; rough 
stones are built up to kee}) the sand, etc., from blowing in, or logs 
are laid for the same purpose.” , 

Evidently the water, draining over the clays of the interior, 
passes into the porous coral rock. The flow towards the sea being 
continuous, sufficient time is not allowed for the sea-water to 
penelrate inland even at high tide to cause the contamination of 
the well waters, although at such short distances from the sea-shore. 
The only effect is to cause a rise in the water-level near the coast 
as the tide flows. 

Along the coast of Sawi Bay, a soft shelly sandstone, and argil- 
hiccous sandstone, with bands containing numerous recent lamelli- 
brauch shells, notably Pecten types, occur as low cliffs. The sttata 
dip eastwards at about 7°. A short distance further south the grey 
Nicobar clays come in below, and form the only type of rock exposures 
further south along the coast. The dip of the beds, where first 
Wsiblo, is at 20° in an easterly direction, but this increases as we 
continue along the coast, being as high as 55° near the angl^ of the 
bay. 
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2. Ghaura Island- -In tho dills of tJio south-eastern part of ('Laura 
Island the liglit-grey Nicobar clays are well-exposed. The low-lying* 
eastern portion «t tho island is however composed largely ol raised 
coral rock, about (i to 8 feet above high-water mark. Numerous 
boulders ol coral, partly hidden by Hue sand, occur inland. 

Tht clays of Ohaura w'cre axjparoully used by tho natives of 
that idand for pottery mauufaeturc, of which they had the monopoly 

„ ^ . among the several islands of tho vicinity. Now, 

Potferymaldiig. u i * i i 1^. r 

however, clay ajipoars to be brought from 

Terressa Island, about 7 miles distant, though the monopoly of the 

industry apparently remains with the (Jhaura inhabitants. 

3. Kamorta Island. --The south eastern portion of Kamorta Island 
was visited. In the chffs of this promontory tho grey Nicobar clays 
w^ith intercalated bands of argillaceous .sandstones and occasional pebble- 
bods, dip east-south-east at a low angle. The clays are well-exposed 
in tho streams inland foruung tho rolling down country. They 
are mainly of light-grey and greenish types, though some are 
stained red. In one of the small valleys resting on tho surface of 
the disintegrated clays, a thick-shelled specimen of Volula was found. 
Tho fossil was water-worn and unidentifiable, but it appeared to 
have been derived from the clays. 

The more inland parts of the island were not visited. 

3. Tilanchong and Batii Malv Islands . — A large tract of the islands 
of Tilanchong and Batti Malv is composed of rocks belonging to the 
older Cretaceous group. 

In Tilanchong Island these form a narrow irregular ridge running 
north -to-south and reaching a height of over 1,000 feet in Maharani 
Teak. To the north of h’reshwater Bay, highly indurated green 
shales and quartzites crop out, dipping in a general easterly direction 
as steeply as 20°. Those are seen dipping at a steeper angle further 
north and are associated with the red jasper rocks. Still further 
north less altered tufi-like sandstones, similar to some indurated 
Andaman types, outcrop. 

Evidence of recent upLft along those coasts is seen in the coral 
boulders and recent shells of the vicinity of Freshwater Bay, but 
t more pronouncedly in the cliff 25 feet 

chi^ei'oUea'kv^'' bigh of cream-coloured honey-combed lime- 
stone very similar to that found at Hut Bay, 
Little Andaman Island; this occurs on the west coast near 
Novara Bay. A section of this limestone shows it to be similarly 
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largely com'fjriaed of Litkotkamnion fragmontB and small nummuUtcs. 
In the Lilhothamnion, uonccptacles of the type L. suganum are ob- 
served (I’lale 16, fig. 2). 

At Batti Malv a peridotite with bronzite is prominent among 
the basic intrusions. 

4. Great Nicobar, Pulo Milo, and Kondul Islands . — The roclcs of 
Pulo Milo and Kondul Islands consist largely of sandstones, com- 
parable in lithology with those of Rutland Island and parts of the 
main Andaman Group. On the east of Pulo Milo those grey micaceous 
sandstones with intercalated shales dip steeply to the north-east. 
Witli the sandstones and shales of Kondul Island, 'thin lignite 
bands are intercalated. 

Similar sandstones and shales are exposed in the extreme soulb 
of Grciit Nicobar Island, along the eastern shores of Galatea Bay. 
These again contain traces of carbonaceous material, and di]i 
Htee])ly to the cast. Further north along the coast cliffs of light- 
green clays and argillaceous sandstones crop out. A tri]> was made 
up the GalatoSi River. The low'cr course of this river is lined with 
mangrove, and banka of recent alluvium occur for several miles. 


% 

Economic Geology of the Islands visited. 

Ifuring the present survey several rumours were received concern- 
ing the occurrence of i)etrolcum and of mica in the islands. Evidence 
ot the former was no doubt the re.sult of the misinterpretation of the 
phenomenon, mot w 'th in many jiarts of the island.”, of an iridescence 
on the water of the more stagnant pools which occur on the sedimen- 
taries. On e.vamination, this was invariably found to be caused 
by a film of ferric oxide derived from tho ferruginous matter of the 
sandstones and clays of tho vicinity. 

Concerning the presence of mica in Middle Andaman, several 
spcoiineus wore brought to my notice, but all had been mistaken 
- . for the mineral gypsum, associated with these 

Eocene sediments of tho islands of the Anda- 
man Group. There appears to be no prospect whatever, at least so 
far as Middle Andaman is concerned, that mica will be found. 

Tho occurrence of coal has been mentioned previously. Those 
outcrops observed were of small thickne.<s, and occuried, in* at least 
one instance, as a lenticular pocket in the 
sandstones and clays. 
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Chromite. 


[The possibility of workable deposits of chromite in the serpentine 
series was also noted by Tipper. As mentioned in this report 
chromite was observed in several of the sec- 
tions taken of these ultra-basic rocks, but 
no instance of its being in sufficient quantity to be of economic use 
was met with. It should however be mentioned, that a detailed 
study of these areas of intrusive peridotites was impossible in such 
a limited time, and also on account of the denseness of the vegeta- 
tion. 

The glassy serpentinous decomposition product, mot with in 
the hills to the north of Beta-pur-dina, could probably be used for 
the manufacture of a talc-like powder, though its inaccessible 
position renders it at present valueless. 

Some of the sandstones of Middle Andaman, notably those of the 
eastern part, would make fairly good building stones, though the 
ashy varieties, on account of their rajn'd wea- 
thering and friability, are of little use fur such 
purposes. The peridotites and serpentines of the island also present 
possibilities of being used as serviceable building material or as orna- 
mental stones. 

The clays of Ritchie’s Archipelago and of the Nicobars could 
doubtless be made use of in the manufacture of bricks and pottery, 
Use of the da whilst the coral rock, notably the raised coral 

from which the saline material had been dissolved 
away, would provide lime for building purposes. 

Is thus appears that the rocks comprising the Andaman Group 
are not economically important from the mineral point of view, 
c wilt f h Their chief value lies in the fertiUty of 

e ty 0 t e so s. which they produce. This is well 

evidenced in the luxuriance of the jungles and of the small culti- 
vated tracts which already exist. 


BuUdfng; stones. 
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Platb 11. 

A raised coral beach of the south end of Homy Lawrence Island, Bitchie’a Archi- 
pelago. 

' Plate 12. 


%olrtgi oal Map of Middle Andanuu Island, Seale 1 inoh to 4 miles, 

E 2 
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J’latk 13. 

SuiulHtuiic cliltH, \voHt side oi Little ilmlanian laltviid. 

Plate 14. 

J'^Q. ].- Ahliy Miudbtone from the north of Middle Andaiuan lulaiul. 

Fit}. 2.— Vt'biouiar volouiiiu look Iroiu Mt. Wood. 

Flo. .3.- Basalt fioin tlio boatli of Middle Andaman Tblund. 

Flu. 1.— Pliotogiaph of ADbiliiKt granultm, magnified about 8 diamctcro. 

Plate 15. 

tf 

b'lu. l.--P]iotumierogiai)li of M'ction of late Teitiaiy limestone, ahowing lAUio- 
lhawnion fiagmentH iniluding conreptacles of the L. nummvlUicum type. 

Flo. 2. — Pliotomiciogiaph of section of late Ttstiaiy limestone, showing Litho- 
thimnim thallus including conceptaeles of the L nuganum type. 

Fill. 3.— Photumicrogiaph of section of Into Teitiaiy limestone, showing sections 
()‘ JjfpidocyclinHe 

Fro. 4.— Phutomitrogiaph of section of late Teitiaiy hmebtone, showing Lepidocy- 
cliHtK, lAtldhaviiiion, and Nwnimvlilcs in section 
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An Occurrence of Cryptohalite (Ammonium Fluosi* 
LiCATE). By W. a. K. Christie, B.Sc., Ph. D., M. Inst. 
M. M., Chemist, Geological Survey of India. 

In 1925 Dr. L. L. Fermor discovered a i)eculiar white deposit 
on the ground at Bararco Colliery in the north-east section of Barari 
mouza (23° 42' ; 86° 28') in the Jlmia coalfield. It ove,rlies No. 16 
seam, about 120 feet noith of No. 14 incline, which was scaled up 
in 1912 on account of fire At the place* of the occurrence the roof 
of No. 15 seam is said to be about 40 feet from the surface, the scam 
being overlain by carbonaceous shale, which is also to some extent 
combustible. A much w'cathered mica-peiidotile dyke, some four or five 
feet wide, crops out in the neighbourhood, dipping about 60° W White 
smoke was issuing alongside the dyke and earlh had been thrown 
on the ground to smother the fire. The white deposit usually 
occurred as a coating on lumps of this earth. Arborescent crystals 
of sulphur were also found, and in places the temperature of the 
ground was sufficiently high for the sulphur to be molten. The 
white deposit proved to be cryptohalite, a mineral previously reported 
only from eruptions of Vesuvius. Although the occurrence at 
Barari has not been produced entirely by the processes of inorganic 
natuie — the fire in the coal seam originally being the handiwork of man 
— ^it is perhaps sufficiently unusual to deserve a brief description. 

Mr. K. G. M. Bathgate, the manager of the East Indian Coal 
Company, kindly had a quantity of the deposit collected. The 
material occurs in three forms. The most striking, although it 
is found but rarely and in tiny crystals, is in the form of a paddle- 
wheel with four transparent shining blades. More common are 
arborescent, translucent crystals with a vitreous lustre The most 
usual form is an opaque, white mass with a mammillary surface. 

The transparent crystals are shaped more or less like a dart with 
four barbs at right angles, -the length being up to 1 mm. and the 
breadth of the barbs up to 0*2 mm. The edges are corroded and 
the angles are not measurable. The crystals are uniaxial, negative. 
The blades arc each perpendicular to the optic axis and form an 
interpenetratiou twin, whose twinning axis is perpendicular to the 
optic one. The rMractive indices are very low : 6>g|,=l*406^*001 
£0^=1*391^*003 (inuuersion method in mixtures of amyl alcohol 
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and mctliyl butyrate). The material was mucli too scanty for more 
tliaii (jiialitative microchcmical analysis.^ 

It is easily sohiblo lu water, corrodes glass when heated and 
sublimes without leaving a residue. Its solution in water gives a 
copious ])rocipitate with jmlassium chlor'do and it evolves ammonia 
when treiited with sodium hydroxide. The crystals arc presumably 
the hexagonal form of ammonium fluosilicate prepared by C. Marig- 
nac® and B. Gossner.® The habit is peculiar in that the direction of 
elongation of the crystals is at right angles to the ojitic axis. 

The isotropic material from Barari is usually in arborescent form 
with the edges of the crystals corroded, ft is translucent, with a 
V'treoiis lustre. The specific gravity of two optically pure pieces, 
deterininiMl in acetylene tetrabromide and xylol was 2-004 (al*)- 
Its hardness is about 2-5. Its refractive index in sodium light is 
T369 ^-001^ (immersion method in mixtures of acetone and 
methyl butyrate®). Sufficient material for analysis was carefully 
picked out under the microscope. Ammonia was determined by 
distillation witli sodium hydroxide. Ilydrofluosilicic acid was preci- 
pitated us jiotassium fluosilicate, and in the filtrate sulphate was 
thrown down as barium sulphate and thereafter fluoride as calcium 


fluoride. 

NJI 4 20-43 

.SiF« 78-87 

P 0-07 

8 U« 0-06 

('1 ........ trace 

0*30 

rSiOa . . 0-10 

[iisoluhlc ill water . . < 

O 3 . . 0-05 


09-88 

The oaloulated percentages of NH and SiF^ in (NHj )2 SiF^ 
are 20*25 and 79*76. 

^ Most conveniently by P. Emich'e capillary tube-centrifuge methods, o.f, Mihro* 
chemisches PraUikum. Munich (1924). 

Chim,, S^r. .3, LX, (1860), .301. 
srys/, XXXVfll (1904), 149. 

•H. Topade and 0. Christiansen { KjOhcnkavn, Dant>h Vid, Selsk. Skr,, IX (1873), 
(643) found I 3690 for the pure salt. 

® When using -Matilc liquids it is convenient to have the fluhstance in a very amaU 
stoppered bottle wjth plane face«<, such as is used for absorption spectra work. This is 
completely filled with the mixture, so that no change in its concentration can occur 
during the determination. 
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The prescuco of amiuoninm fluomlioato in a sublimate from the 
eruption of Vesuvius in 1850 was deduced by A. Scacci* from an 
analysis of material consisting mainly of ammonium chloride. He 
named the mineral “ criptoalite ” as it was hidden in sal ammoniac. 
Tho determination was qualitatively confirmed by F. Zambonini,® 
who isolated the mineral, showed that it was "iHotro])ic and detcr- 
m’ned its specific gravity (between POO and 2*08). 

Tho commonest mode of occurrence of ammonium Huosilicato at 
Barari is as irr(5gularly shaped lumps, usually with a mammillary 
surface, white, opaque, with a hardness of about 1. This consists of 
a mixture of the salt with silica. Analysis of picked spocinieus show- 
ed 10-24 per cent, of free silica and 17-98 i)er cint. of anunouiiim, 
corresponding fairly closely with tho amount (18-17 per cent.) which 
should be present were the remainder of the substance pure ammonium 
fluosilicate. It seems amorphous, but, considering its composition, 
its apparent Jack of crystalline structure may be illusory, 

Tho fluorine of tho cryjitohalite comes presumably from apatite 
in tho mica-peridotite dyke, through which the gases from the burn- 
iug coal seam jmiss. A specimen, kindly supi)Jicd by Mr. Bathgate 
from a dyke in tho interior of tho mine, contained fluorine in abun- 
dance. The decoiilpohing agent may be sulphur dioxide (the coal 
contains sulphur and sublimed sulphur "'accompanies the cryptobalite). 
Fluorite is otisily decomposed by sulphur dioxide, apatite with more 
ditiiculty. Powdered fluor-apatitc was heated to about 800''() in 
the middle of a long platinum tube shaped like a “ churchwaideu ” 
])ipe, immediately over the bowl of which w-as a flask in which water 
circulated. A current (*f moist sulphur dioxide was i)a8sed through 
the tube. In two hours Bulficicnt hydrofluoric acid had been evolved 
to etch distinctly characters written on the waxed bottom of the 
flask. Silicates are of course present in profusion in the dyke, so 
that silicon fluoride would be available for the formation of ammo- 
nium fluosilicate from ammom'a derived from the coal. Ammonium 
fluosilicate sublimes unchanged and in the presence of a slight excess 

^ Napoli, Aec. Alfi, VI (1875), 35-37. Figures 12 and 16, attached to this paper, 
illustrating a frequent habit of small crystals of sal ammoniao from tho lava of 1868, 
arc rather like the interpenetration twins of eryptohalite described above (p. 233), and 
Scaccl had difficulty in interpreting them as cubic. Tlie sublimates of 1868 aie repoiled 
by him to contain ' fluorine more frequently than those of 1850. Such crystals arc 
unfortunately absent in the specimen of sal ammoniac, from the eruption of 1868» in the 
collection of the Geological Survey of India. 

* Napoli, Acf. AUi, Ser. 2, XIV (1910), No. 6, 53.64, 
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of afuinonia, iiiij'Jit ixodiioo tlio o|>a(|iio, while iiodnloH of cryj)tolialit(* 
and Hilioa wliioh form I he greater j)art of the do])osit. 

(Niri)oSiK„ I liNllj I ONlIJi’ I SiO./. 

The irtotro])i(: and nearly pure cryptohalito is usually found 
growing out of tliese iinjnne nodules and has ju’obably been formed 
by rocrystiillisatiun from solution in rain. The formation of the 
arbofoscont isotropic crystals can be successfully imitated by repeated-* 
ly moistening a nodule and allowing the water to evaporate. 
The uniaxial crystals wore probably also formed by recrystallisation 
from aijiioous solution. When some of the isotrojiic material was 
dissolved in water and allowed to rec‘r}'Stalliso at 2r)'’C. several small 
uniaxial negative crystals formed round the edges of the dish, the 
rest ol the material crystallising with a cubic habit. The two forms 
can crystallise together ; 0. Alarignac obtained both on evaporating 
a pure solution of ammonium lluosilicate. 


* Ac'iiOnlin;» to thh.('qii{ilioii one alorgoiH'icentofreoi aniinoninin flurriclr 
in thoHo iio(lul<‘M (then* bcinu ()\ei h> pei cent, ot tivi* siliea), tUieiraa the aniouni of 
Uuoriiio picHcnt ah iliMoitlc a htuall hiutioii ol 1 per cent, 'i’he ammonium fluoiide, 
however, may liave heen eliminUed at (lieliitieoi iihtoiiiiUti()n,u»itHiib]imr8 at a much 
lower temporalure tli.iii aiiunotiiuui Iluo ilitate. 

* 1/1 •!. r/ii//i,, Sei, iJ, IjX mhu»), ;joi. • 
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Kkmarks on Carter’s Genus coNULiTEs-mcrYocoNomns 
Nuttall with descriptions op some new Species 
FROM THE Eocene of North-West India. By 
Major L. M. Davies, R A, FGS. (With Plates i6 
to 20.) 


Introduction. 

In 1801 Carter created tlio genus Convlitcs^ to receive certain 
Foraminifera, sent to Jxiin by Dr. Cook® irom India, which could 
not in his opinion be included in the genus OrhitoUna (d’Orbigny, 
1847).® Ho seems also to have taken it for granted tliat tliose 
forms could not be included in VVilhamson’s genus Patellina (1868),* 
which had been created to describe certain recent Foraminifera of 
Great Britain. 

In 1862, however. Carpenter collected- these three genera into 
one, adopting Williaiu8(m’8 name PalfilUna for the whole.® In my 
opinion this was unfortunate. It seems to mo that the differences 
between these three types are far too great to be thus regarded as 
merely specific, and Carpenter made a mistake in abolishing two of 
the three original genera. Nevertheless, as he still retained the 
original generic distinctions in the form of specific ones, it was at 
least still possible to indicate the structure of now forms by de- 
scribing them as “ varieties ” of one or another of Carpenter’s throe 
“ species 

Later on, however, it was emphasised that certain forms within 
this broadened “ Patellina ” group had arenaceous or sub-arenace- 


1“ Further Observations on the iStnicture of Foraminifera, and on the larger 
Fossilised Forms of Scinde, &c„ including a now Genus and Species,’* by II. J. Carter, 
(Annals and Magazine of Natural History, 3rd Series, Vol. VIJl, pages 309, 
331, 457-458 and PL XV, fig. 7.) 

* Dr. Cook, of the Bombay Army, had been Medical Officer to the British Agency 
at Kelat. 

* In his Cours BUiMiUaire d^PalaeorUologie, 1851, pages 193-104, d’Orbigny defines 
Orbilolina as OrbUolites h cutes inegaux : I’uu, oonvoze, cncroute, h lignes enneen* 
triques ; I’autre, concave, non-encroutc, montrant des loges nonibreuses, par lignes 
obliques siir le cute, au pourtour.” Further examination of his geno-syntypes has 
shown that this dofiiaitioii has to be amplified, as, e.g., was done by Carter. 

* Ray Society. On the Recent Foraminifera of Qreal Britain, pages 46—47, and 
figs. 86—^9 (reproduced as Pig. U below). By Wm, C. WiUiamson, F.R.B. 

* Ray Society. Iktroduction to the Study of the Foraminifera, pages 220- 235 Plate 
XIII, figs. 16, 17, and figs. XXXVIl and XXXVlll (reproduced as Figs. 12, 10, and 9 
bdow)p By Wm, B. Oaiponter, M.D., F.R.S, 



238 


Ktroids of the Geological Suivey oj India. [VoL. LIX. 

oils t<‘st.s, while others wens purely calcareous; so as Carjicnter’ 
had iiln'.idy minimised the im 2 )ortaucc of the structural distinctions 
l)y lediicinfjf them from ffonerio to merely s]>ocific grade, the way 
was o|)enod for what ai)]iears to be an undue em])ha8is laid upon 
the cliemieal (oiDpoxition of the test, to the ignoring of jdiysical 
stnatare. As things are at present, the essential differences of 
structure, which three distinct genera were originally created to 
exju'css, aie often overlooked in favour of the importance attached 
t(» sligitt dilloreuces in the chemical comimsition of the tests.^ Nor 
is this all, for the impossibility of retaining all these ty]»e8 within 
a single genus has led to re-subdivisions of the group being made, 
and w'o find that old generic names are now’ apt to reappcjir in 
impossible connections. Thus (/'ha)miau first described certain new 
forms, which he found near Cairo, as “ Palcllina aegypliensis ” ; ® 
but afterwards, apparently because he found them to be sub-are- 
naceous, he teferred to them as “ ConulUes aegypilmmii ’’®. And 
yet his own photograidis of the form^ show that it can be neither 
the one nor the other (in the original senses 'of those genera) since 
it has Ihe subdivided cortical chambers found among the (khiioHme 
II lone ® Cha])man's formal definition of “ Conulites ”, too, would 
actually exclude the very species {cooki) W'hich thfr genus “Conul- 
ites ” was originally created to accommodate ® This seems to be 


‘ Thim riinpinaii actually puts into oatin*ly difTercnt fninilios (Lituolidao and 
ItotdliKlar) forms whicli ho admits “ reprost-iit tiu* Kime morphological species of 
o''i',.inism ” { Phe Foraminiffftt^vi.pp. <10 (id and 135). This seems to be niani- 
fo'^fly uroiig, (iiid i( IS ciisicr (o b(ljo\cthat the ('oiji|K)sitoii of the test varied 
UL chi'^fly allied foriuh, than lliat mnrpholotiically very similar ly]>cH should be ])lacrd 
f II apart on the mere grounds ol the choinical composition of the test. Dr. Pilgrim 
h.is very kindly drawn my attcuiioii U» the fa«’t that (’h. Nchlumberger and If. Douvillc 
agree to this, in tlunr paper “Sur Deux PoiaminifM's iSiieenes '' {Bull. Sue,, 6Vok de 
inve, 4th Ser., V, IttOo, pp. 21M- 304). They point out that the composition of the 
test sluiuld he treated as a secondary, not a primary character, since it apjieara to 
vary with the materials available to the organism for the oonstniotion of its supporting 
and protecting walls. 

Geological Magazine^ Decade IV, Vol. VII, 1900, pages 3, 10-14, and Plate II, 
fis^s. I — 3. 

’ The Fomtninifera, 1902, p. 157. By P. Chapman, A.L.S., F.R.M.S. 

* Ibid., p. 275, tiff. 30 : also the figures in the Geological Magazine. In the latter 
[p. 12) (3iapman himself noted that argypiiensis hrfd subdivided cortical chambers, 
Avhilo roo/ji had not. 

* Or Orbitolininae. since T am using the term Orbitolime throughout my article 
ah.ive n ropresontinir the subfamily rather than the genus, (^hapman's aegyptiensis 
is now eommonl> regarded as liclonging to Blankerihorii’s genua Diciyoconn$, uliieh 
helongs to the Orbital ina group. 

^ The Foraminiferaf p. 150 — 157. It is strange that he makes the subdivision 
of its cortical chambers a generic feature of Conuliiefi. Even Carpenter had been im- 
pressed by the absence of any such feature in cooki (op. cit., p. 234)[ 
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manifestly wrong. If a generic name is to be retained, it should 
surely be cither in order to express the charac/tcrs which it was 
originally created to ex{)resa, or at least to exjjross some other 
characters peculiar to the specimens for which the genus was 
created. The now definition of the genus should not exclude its 
own original type-form. 

Finally Zittel (1913) recognises the old genus Orbilolina, \»hosc 
structure lie describes very clearly ; ^ but he unfortunately makes 
the siliceous composition of tlic test a feature not only of the genus 
but of the sub-family, and gives no indication as to how those forms 
are to be ])]accd which exhibit an identical structure in a calcareous 
test. Ho somewhat significantly removes .Williamson’s Palelliva into 
an entirely different family, “ but so defines it that it cannot 
possibly continue to include Charter’s Conulilcs. So, as he apparently 
makes no other ])rovision for the original Conulilen. but seems to 
ignore it altogctlie.r, members of tliat type seem to be exeludcd 
from his system ; or, at least, they find no clearly recognisable 
])osition in it. 

The trouble seems to be, so far as the genus Conulites is concerned, 
that representatives of it do not appear to be found outside of India 
in the same way that rejirescntatives of the other two great genera 
(or families) are ; so that while European geologists are kept con- 
stantly alive to the necessity for providing in their classifications 
for Orbitolinae and PoleUinae, the distinct existence of Conviiles 
has been lost sight of, over since Carpenter minimised its right to 
separate recognition. Yet the genus is very well represented in 
India, by several species, one of which is found in great numbers 
over a large geographical area. It seems necessary, therefore, that 
students of Indian geology should take serious note of the existence 
of this genus ; and that cannot bo done better than by reviving, 
with slight modification, Carter’s original description of it. 


Description of Genus. 

Test calcareous and finely tubulated. Form conical, with base 
varying from concave to convex. The upper surface shows a HU|er- 
ficial skin, thickest in the middle and thinning to the sides, travened 

> PaUteosMogy, Vol. I, 1913, p. 27 and fig. 1^. 

* Ibid, p. 33. 
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by slutrt pillarfl, Bulow tliis lias a single layer of large and deep 
oortical (‘hainbers, rlioniboidnl in plan, not subdivided by any 
syst(>m r»f stibHidiarv partitions, and arranged in a spiral row, with 
generally a nunibor of intercalary rows aj)])caring between the 
whorls of th(* original one. The umbilical area is filled with small 
seecnidary chambers, disposed in layers parallel to the base, and 
traversed by numerous vertical pillars analogous to those of the 
suporliciul skin. 

'J’lius defined, it is seen that the genus is a very well marked 
one, an<l easily distinguished fnan the types, PateUina and Orbi- 
(olim, with which it has so often been confused, but rieithcr of 
which is adu])tcd to receive it.^ The following representatives of 
this genus appear on the North-West Frontier of India: 


Conulites kohalicus, n. sp. 

Figs. 1 to 5 (c). 

(icHeral Pmnrh . — This form has now boon found by me in groat 
numbers, from the Jowaki border. 6 miles east of Kohat, to Thai, 
fiO miles west ; in many places (notably Bahadur Khcl) betw’oen 
Kohat and Lati\mbar, HO miles south ; noar Saidgi, 15 miles west 
of Bunmi ; and on the Harnai-S^iintaugi line in Baluchistan ; in 
oilier words, over an area more than 60 miles broad by 300 deep. 
The actual distribution appears to be even more extensive. Thus 
Wynne, when describing the beds at Bahadur Khol,® says that 
the section there “ contains the large thin rotalinac so characteristic 
of the “ Subathu ” nummulitic bauds in the Potwar”; and it 
seems to me (since I kn w tlie Bahadur Khol section very well) 
that ho can only be reforrltg to this form. There is no other there 
that would answer to this description ; and he could not have 
failed to notice this :ne, which ho does not otherwise mention. 


^ 111 tlicir paper, iiioiitioncd in the firbiuote on p. 23K, Schluinborger and Douvill^ 
show that (^irtor’a ConuliteA, as ropreseuted by cook^, cannot be afliliated aegyj^t- 
ienn'i. They point out that cooki exhibits affinities both with Assilines and Orbitoidefi, 
and suggest tlial tlio genus ConvUtea should bt* studied afresh. That is what 
1 h.ive tried to do hero, showing how both the striieture and the ontogeny of the genus 
indicate its true assoeiation \irith Nummulites and Orbit aides. The remarkable thing 
to my mind is that Schlumberger and DouvilK^ should have anticipated this finding 
on the very little material at their disposal. 

• Afem., 0(oh Sutv, LuL, Vol. XI, Pt. 2, page 139. 
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But in that caso this form must also bo found in Nummulitiu rooks 
nearly 100 miles cast of Kohat. ' Besides this, 1 have found numer- 
ous specimcus of this identical spooios in the collections of the 
(leological Survey at Calcutta, which are registered as having been 
found in Lower Sind, at such places as the Dharan Pans, Maliri 
Landi, Ranikot, Trak Hill, Sumbuk Hill, the Ilabb River, etc.^ 
Thus the form seems to have been collected almost wherever Pioceuc 
rocks have bcoji found on the N. W. Frontier, over an area more 
than 150 miles broad by COO deej). 

Description of Species- -Tlio forjn is that of a depressed cone, the 
upper surface being convex with central boss, while the lower sur- 
face is generally concave. V'^jiriations in sha])e are generally to bo 
scon at the outer margin of the tost, w’hich is sometimes tliiu and 
inclined downwmds, sometimes tjiick and recurved upwards, with 
many gradations in between. 

Both surfaces are granulated. On the u])pcj surface the gianu- 
lations are large, globular, and close-packed in tlie region of the 
central boss, but diminish in size the further tliey aj-e remf>vcd 
from it, elongating themselves radially, and assuming a s})ira] 
arrangement round the centre, following the course of the cortical 
chambers beneath* Finallj’, towards the outer margin of the test, 
the granulations disappear, and the underlying spiral rows of corti- 
cal chambers begin to show through the upper skin, which there 
becomes very thin. 

This upper skin is often found to be weathered away, especially 
at the margin where thinnest, and the spiral arrangement of the 
underlying chambers is then seen very clearly. This spiral may 
cither be right- or left-handed (t/.. Figs. 3 and 4). Jfany one row 
of chambers bo traced backwards from the outer margin, it will 
be found that, on completing the whorl, some 8 or more other rows 
intervene between its twm representatives. This shows that, towards 
the end, there are about 9 or 10 row's of chambers moving round 
in a combined group. Carter only figures one such intercalary row 
of chambers appearing in the cortical spire of cooki {cj. Fig. 9), 
and states that even this is exceptional, the spire in that species 
being “ generally single throughout ” ; so kohaticus appears to bo 


I general . ■ - , , 

debted to Mr. V. M. Mukerjoe for helping mo to find these specimens. 
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very diMtinct in this respect^ The cortical chambers of kohatievs 
are almost square in plan, the septa being only very slightly in- 
clined forwards, and 8])aced at intervals only slightly exceeding 
their own lengtli. There are about 100 chambers to the outer 
whorl in an adult spcciinon. The priinoijdial chamber appears to 
be s])horical, but I have not yet been able to find it clearly exposed, 
nor to detect dimori)hism. 

On tlie lower or concave side of the test the granulations are 
globular, uniform, and close-packed over the whole surface. The 
last chambers of the cortical series are sometimes seen (in the case 
f)f specimens with narrow and turned-down edges) at 'the outer 
margin of this surface. 

An a.x'ial section of the tost [h'igs. fi to 5 (h)] shows a single layer 
of dec,|), rather claw-shaped chambers, blunt on top and pointed 
below, iitubii lying the convev upper surface. These chambers are 
covered by the skin, already described, thickest at the central boss 
and thinning to the sides. Passing vertically upw'ards through 
this skill are a number of small |)illars [faintly discernible in Fig. 6 
(rt)l, the ends of which a|)pear to provide tlie granulations at the 
ujiper surface. Below tli<5 layer of large cortical chambers, and 
filling the hollow cone formed by the same, is a mass of much smaller 
chambers, ajiparently disposed in liorizontal layers between the 
claw-like points of tJie cortical chambers. These secondary cham- 
bers arc traversed by numerous vertical pillars analogous to those 
of the upper surface, but much more distinctly seen owing to their 
greater length, and much more ciowded owing to their emergence 
from a concave suiface. Those pillars arc somewhat conical in 
shajio, being pointed on top and thickening as .they descend ; they 
do not always reach the lower surface, but are rci}laced by others 
if they fail to do so. The granulations on the lower surface of tihe 
tost represent the rounded ends of those pillars as they emerge at 
that surface. 


‘ A siH-iiincii with wdoi ccntTal boss [Figs. 4 and 4(o)]b1ioW8 two interc-alnry rows 
of chainbi'rs .ipiwaring before the iiriniary row has even completed two whorls ; that 
is to say, within the first Jth jtart of the radius of the adult test. Owing to the rate at 
which intercalary rows appear, the “twist ” of the primary row rapidly opens out ; so 
that, although the row itself does not widen appreciably in this species (it docs widen 
in others), there are only about 4 or 0 whorls altogether. Thus, in one specimen ^min- 
ed, the first whorl was apparently lopibsented by the first lateral chamber in the ra- 
dius, the second by the next 3, the third by the following 10, and the fourth and last 
by the outer 11. It seems from this that new intercalary rows were more freely 
developed in early than in later life. 
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A horizontal section of the test [Fig. D (c)] shows the large rec- 
tangular chambers of the cortical scries in plan, at its outer margin, 
while many small dark circles in its central portion seem to repre- 
sent the sections of the vertiesd columns above described. It will 
be noticed that, whether seen in vertical or cross section, the large 
cortical chambers appear to be simiile, without any such system of 
secondary internal partitions as exists in the genus OrbitoUna.^ 

Distinction, and Stratigm^ihic Horizon,- Q’he above species thus 
possesses all the main characteristics of the original genus ConuUtes. 
These, as described or figured by C.-irter, are («) Conical s}i.n])e ; 
(6) Superficial granulated skin, thickest at the apex and thinning to 
the sides ; (c) A single layer of huge and simple cortical chanilius, 
deep in vertical section and rliomboidal in jdan, arrang<*d in a S])irsil 
which is apt to bifurcate, or disjilay intercalary rows ; (<l) A mass 
of small secondary chambers arranged in layers parallel to the, base 
and filling the umbilical part of the test ; and (e) Nume.rous vertical 
pillars, pointed on to)), wliich traverse the layers of secondary 
chambers, and form crowded granulations on the suiface below. 

It seems, therefore, that kohatiem is generically idenlifiablp with 
ConuUtes cooki : init a specific identification cannot bo so clearly 
established. Thtis Carter represents cooki as possessing a relatively 
much higher test, a convex lower surface, relatively much l.irger 
cortical chambers, and few if any intercalary rows of such chambers. 
I w'as unable to check matters at Calcutta, since 1 could find no 
specimens, in the Geological Survey collections there, which were 
certified as identical with ConuUtes cooki.^ Caiter’s oiiginal speci- 
mem of cooki were, according to Chapman, mounted on Slide No. 10 
of the CJgrtor Colleclion, and to be seen (in 1900) in the Geological 
Society’s Museum.® The collections in that Museum have, how- 
ever, since been taken over by the British Museum ; so 1 ai)pUed 
to the latter, for direct comparison of my specimens with Carter’s 

^ I do not state the usual dimciiHiona of this and other BpecicB hero described, since 
such data can be obtained from the photograi^hs at the end. 

2 Specimens in the collections at Calcutta are variuubly labelled “CnnuliteH”or 
** Pa tcllina cooki,*’ etc., never ConuUtes cooki. As “Conulites ’’they ueie apparently 
regarded as distinct from cooki ; as “ Fatcllinae ” they could not help being attributed 
to cooK§, however much or constantly they might differ in details, since the generic 
oharacters themselves were reduced to specific grade. 

* According to Chapman {Oeol, Mag., as above, p. 12), the specimens of cooki on 
slide No. 40 were numbered 2 (from Kelat), 3 (from 8ind), and 4 (from Arabia). This 
mention of a speoimep from Arabia is interesting, as showing that the genus is not le* 
strioted to India ; but as this is the only allusion 1 have yet seen to an extra-Indian 
discovery of the type> I will do no more at present than simply draw attention to it. 
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tSlidw 40. fu rc]»Iy, JJr. W. I). Laug writes as follows : “ 1 have 
made a tlioiougii search for ( 'arter's Slide 40 in the Geological Society’s 
ColliMiiion, which js now here, and cannot find it. Moreover, Conu- 
\ PaleIlitiu] cooki is not mentioned in J. F. Blake's ‘ List of the 
Types and Figured Specimens recognized by C. D. Shorborn in the 
Oolleotion of the Geological Society of London, verified and arranged 
willi additions,’ 1002. I suiijmsc, therefore, that the slide was 

missing from the Geological Society's collection at that date. 

So 1 am afraid that the type is lost, and only the figure is left on 
wJiicli to found an opinion.”^ It is possible, of course, that the 
slid<! may some day bo found, but it does not seem very .probable 
in view of Ifr. Lang's remarks. So all ve ha^'c at present, in regard 
to cooki, are Carter’s figures and written description of it ; and since 
these all seem to ro 2 )rosont a form specifically quite distinct from 
the type here dea<!ribed, we must either regard the latter as a new 
sj)ocics, or else impugn, without evidence, Carter’s description of 
cooki. Assuming, then, that Carter’s details are as accurate as bis 
more general observations, I regard my own species as distinct, and 
propose to name it kohaticus, bothJrom the region in which I first 
collected it in large numbers, and from the zone, “ Kohat Shale,” 
which it i»eculiarly oharacterises. 

That zone is the highest one hitherto identified as belonging to 
the Laki sUigo, and corresponds to the lower portion of Mr. Pinfold’s 
“ Lfjiper Chharat.”® It immediately underlies the “ Nummulite 
Shale,” overlies the Ghazij Shale (or “ Lower Chharat ”) and is well 
represented in many places west of the Indus, where it is generally 
ftiund l(» contain great numbers of kohalnm, undoubtedly in situ. 
The Koliat Shale was apparently a marine shallow water fpimatiou, 
since it contsuns Corbula, Osirea, and limbs of crabs, etc. ; and it 
is noticeable that all trace of Conulites, seems to disappear in the 
Nummulite Shale above, where the abundant molluscs of the Kohat 
Shale are replaced by Pyemdonta [Gryphaea] cf. vesicularis which 
(t.e., Pyemdonta) indicates, according to 11. Douvill6, deeper water 
than Ostmi.^ 

As I have elsewhere pointed out,* there is reason to believe that 
the base of the Indian Khirthar (represented locally by the Num* 

» liOtter of 3/12/1924. 

* Rec. dial 8urv, Ind., VoL XLIX, IH. 3, pp. 137—160. •“ 

* Pul. Ind., Nt S., Vol. V, Mem. 3, pp. 12 — 13. 

* " XotpB on the Correlation of Pinfold’s ChLarat Series with the Eocene Stages 
of Sind and Europe ” {Trans. Mining and Qeol. Institvte of India, Vol. XX, part 3). 
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mulite Shale) corresponds to the base of the Lutetian in Europe ; 
so the Kohat Shale would represent an uppermost Ypresian horizcu 
(the Laki, as a whole, representing the middle and upper Ypresian). 

Oonuliles kohaticus var. spinUmgiensis, u. var. 

Fig, 6. 

Variations in size and form e^ist, even at Eohat, between reprc* 
sontatives of C. kohaticus ; and as one goes south one finds that a 
bigger and flatter form becomes the more normal type. This appear- 
ance of flatness is due to the thickening and turning upwards of 
the outer rim of the test. The change is apparent even at Bahadur 
Khel, in beds the exact couutei].ait of those at Kohat; and it is 
most noticeable of all at Spintaivgi, whcio very large foims (some 
up to 2 c.m. in diameter) are to be found. 

As individuals of the southern tyjie are found at Kohat, however, 
while individuals typical of Kohat are found even at Spintangi, with 
every grade in between at both places, I do not feel justified in 
creating a new species to define the moie southern type,^ but piopose 
to class it as a Variety, sjniUangunsis, of kohaticus. 

Stratigraphic Ilotizon.- The Spiutangi rocks are geneially regarded 
as representing an Upper Khirthar horizon. If that is coirec't, then 
Conuiites is undoubtedly found in the Upper Khirthar. Personall)’, 
however, alter examining the Harnai-Spintangi area, I am veiy 
doubtful whether the accepted opinion can be right ; I am inclined, 
for reasons which 1 cannot go into here, to logard the Spintangi 
rocks as probably just a special facies of the Upper C'hharat (t.e., 
uppermost Laki and basal Khirthar). In any case, Conuiites tlieie 
appears among much the same associates as in the Kohat Shale, 
and has not yut been found by me in a deep water formation. 

Conuiites kohaticus, var. blanfordi, n. var. 

Although many specimens of Conuiites are to be seen in the 
collections of the Geological *^Survey at Calcutta, nearly all of them 
appear to conform either to the true kohaticus type or to its spin- 
tangiensis variety. There are, however, a few exceptions to this, 

^ 1 call it the ** eouthem ” type, since it is the more southern of the ones I have 
myself collected. Tt is noticeable, though, that the specimens from Lower Sind, still 
further south, often approximate to the normal kc^atieiu type rather than to the apin- 
tangienaia variety. • 

F 
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ilfuoiig whioJi two .s[)eciiiieus (iiuinbered G. 373/11) seem to leprescnt 
H ty|)e sufficiently distinct to be separately described. An internal 

section of one of these specimens, kindly 
made for me by Mr. Tipper, does indeed 
show the closest resemblance to the 
species kohaHcuSn The relative sizi^s of the 
cortical and secondary chambers are the 
same, as also the number of cortical 
cJiambers to the radius. There are, however, certain maiked 
external difleroncos which, being found in both specimens, appear 
to justily one in regarding them as belonging to "a distinct 
variety of the species. Thus the tost is relatively very high 
(diani. of base, 10 uini. ; height, 3^ to J mm.), with distinctly 
pointed apex, straight sides, sharp margin, and slightly concave base. 
A singular feature about these specimens is the apparent absence of 
giiiiiulations on tlnnr convex surfaces, which arc covered with a smootli 
or sligJitly conugated skin. This nbsmice of gianulations on the 
upper surlace might, indeed, be attributed to weathering, for a 
siijiilai absence is occasionally seen on s])eciinens of the noinial 
kohutirus ; but since both these specimens sjiow it, while neither 
appears to bo oUiorwise very weathered, it seems more likely that 
a smoolJi u|)])or skin is a feature of the type. In that case, the 
gieat height of the test, together with the paucity of granu- 
lations on the convex side, may indicate a somewhat abnormal 
dogiee of s]>eciaiisatioii in this variety.^ 1 propose that it should 
be named after the well-known geologist who collected these two 
specimens. 

Loculitf/ and honzon.— ^HliQ specimens were collected by Mr. 
W. r. Blantoid, in 1B82, from the Eocene rocks just west of Mang- 
roiah (Lat. 30" 40' North ; Long. 70" 30' East), where such foims 
are said to be “ numerous.’* The exact horizon is not at present 
known. 

Comilites vredenburyi^ n. sp. 

Eigs. 7 to 7(6). 

Altliougli the vast majority of Conulites that one sees along the 
N,-\V. frontier are clearly identifiable either with kohaticus or with 
its variety spintangiena'is, yet I have in one spot found situ a 

♦u ^ ^«velopment to the concave side being even more marked than UBiiaL and 
that to the convex side even nioro neglected. 
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type of ConuUtes which does seem to dillcr specifically from kohalkm. 
It is a relatively small, fiat form, with cortical chambers so largo 
iu proportion to the t(fst as a whole, as to constitute in my opinion a 
specific difierence iu type. An adult of this species shows <>]jly 
about 15 cortical chambers to the radius, in axial section, as against 
25 to 30 in kohaticus and sjnutangictisis, so that those chauibois 
are altogether larger iu proportion to the test as a whole. No 
gradations seem to exist between this type and kohaticus. I give 
sections of one ot the largest and least fiattenod spccimons found of 
this species, so that the proportions of its uhuiubois and the shaj.o 
of its test may be compared with the kohaticus type at a point wlieio 
they approach it most closely. The spire has about 8 intercalary 
whorls. 

Locajitg , — The species appears in certain limestone bands iu a 
pocket of Eocene rocks, at a spot (Lat. 30“ SDJ' North; Long. 
07“ 54^' East) near Chrome Mine No. 130 at Uiudu Bagh, iu Balu- 
chistan. 

Horizon . — The existence of this prxiket was recorded by Mr. 
Vredenburg some’ years ago, and its hotizon registered by him as 
“ Ghazij Shale.” It is a marine, or estuarine, shallow-water loim- 
ation, gypsiferous, with remains of Osfrea, Ci lithium chaj^ari, Madia 
duhia, Corbula, Natica, etc.^ As a Ghazij Shale formation, it would 
represent the horizon just below the Kohat Shale. 1 2 *i^upose to 
name the species after the late Mr. Vredenburg, who first noticed 
this little pocket of Eocene rocks among the surrounding serpen- 
tines. 

ConuUtes tipperi, n. sp. 

Fig. 8. 

In certain hand specimens of rock matrix, numbered G.280/77 m 
the collections at Calcutta, I found a third species of ConuUtes, very 
distinct from both of the foregoing. While it exhibits all the charac- 
ters of the genus, it is remarkable by reason of its extremely small 

size (3 to 4 mm. diameter), its globular form, and its relatively 

• 

^ Although containing an Eocene fauna, these beds are singularly devoid of all 
Numinulites, Asbilines and Alveulines. The only other foraniinifcr which 1 have found 
in them, besides vredenburgi, is a small Orbitoline [s. lat., probably a JJictyoconus ; shown 
in Figs. 13 to 13(6) below], of which both the mcgaspheiio and microspheric forms are 
found iu abundance. Chapman noted a similar strange absence of Nunimulites (but 
not of Alvoolines) in the beds oontainiug aegyptiensis. This suggests that the conditions 
which suited OrbitoUnes wore inimioal to Nummulites ; and so the stunted appearance 
of vredenburgi may represent its ailaptation to unfavourable circumstances. 

Q 
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ononnuns oortioal chambers which never seem to exceed in number 6 
««• 7 at most, to tlie radius, in axial section. The base is generally al- 
most as convex as the upper surface ; and the granulations (tn it arc 
noticeably l.irg*',.st in the middle, instead of being unifctrui as in the 
other two species. The spire appeals to b(» single throughout, and in- 
creases rajiidly in siie as it neuis the periphery ; so that the outermost 
cortical chambers an* about half as wide again, and two to three 
times a.s deep, as the innermost ones. This feature is seen to some 
extent in C. luedeuburgi, but it is morn noticeable in the species 
now dchcrilied l»y reason ()f the still smaller number of Ashorls in 
the lattt'r, which renders their increase more noticeably’ rajiid The 
vortical pillars are well seen, in axial section, traversing the secoiidaiy 
chambers ol the lower surface ; and analogous pillars are seen, more 
lirominont in the centre than to the sides, rising from the cortical 
chambers to the u))per .siuface. 1 propose to name the species after 
Mr. (j. 11. Tipper, Faliieontologist of the Geological Survey, by 
whom my attention was first drawn to tliose rock sjiecimens, and 
who has very kindly heljied me in working on them. 

Loealifif. -The spoeimens were collected at I’etiani, 10 miles west 
of Kotri (or .ibout 11 miles west of Hyderabad, Sind). 

lion zou, — The area round Vetiam was ma]>])cd by Mr. Vicdonburg 
as Alvoolina Limestone. The associated foraminifora in these hand 
specimens, being N. rniuondt and Assiliuo gruHulom, certainly prove 
the horizon to be a Laki one ; but the apparent absence of Alvoo* 
lines makes it seem very improbable that these forms could belong 
to the .Uveolina Limestone. The rock itself is also a shalcy lime- 
stone, (juite unlike the normal Alveolinu Limestone matrix. There 
is, on the other hand, no record of any Eocene rocks, later than the 
Alveolina Limostene being found in the vicinity ; but the presence 
uot far to the south, of a largo exposure of Meting Shales, makes it 
seem pos.sible that these specimens were collected from some lesser 
northern outcrops of the same, which were too minute to be regis- 
tered on Mr. Vredenburg’s small scale map. Thus the species would 
appear to belong either to the middle or (more probably) to the lower 
levels of the Laki. 

Ontogeay, Structure, and Classification of Conulites. 

It seems possible that, in the earliest stages of growth of Com- 
lUes, the form is similarly developed on both sides of the equator. 
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without the conical bias to one side which bccomcB so distinct 
shortly afterwards. This appears to be indicated (1) by the more 
or less horizontal arrangement of the first few cortical chambers, as 
seen in axial section ; (2) by the c(»iitral “ boss ” on the convex 
surface, implying a greater thickness of superficial skin produced 
in the earlier, than in the later, stages of development ; (3) by the 
fact that the granulations of the upper surface are at first (i.e., in 
the regioTi t)f the central boss) vvsry similar to those of the lower 
surface, hut become progressively fainter in the later stages of 
growth , and (t) by the fact that tlie spire has just as often a left- 
handed twist <as a right-handed one. 

All those facts seem to suggest that there may be fiist at no bias to 
either side, but only some want of internal equilibrium which sub- 
sequently impels a dov»«lo|)ment to one side or the other. If it were 
loft to some accident of growth tc determine to which side the cone 
should be developed, it would be easy to sec why the sjjire should 
be sometimes left and sometimes right-handed, and also why further 
development of tioth skin and pillars on the rejected (or convex) side 
should bo curtailed, once the bias was determined to the favourod 
(or concave) side. For the bias to one ’ side, and the curtailment of 
dovolopmcnt to tho other, seem to be correlated. 

It seems be.st, therefore, from the ontogeny of Cottulites as well 
as from tho main facts of its structure, to regard it as a very aberrant 
genus allied to some form like Numniulifes or Orhitoides which 
exhibits a bi-polar arrangement of secondary chambers on either 
side of an equatorial layer of large ones. Thus the simple but large 
cortical ohambers of Conulites may bo compared with tho compara- 
tively largo equatorial chambers of NumnivUtes ; while the incrusta- 
tion on tho conve.x surface of Conidites, together with the umbilical 
chambers on tho concave surface, both traversed by numerous 
conical pillars, might rejiresent tho lateral chambers traversed b) 
conical pillars of many Nummidites and all Orbitoides. The calcare- 
ous and finely tubulated nature of tho test in Conulites further agrees 
with this proposed association.* 

It is true, of course, thal no close affinity can bo claimed. Thus 
the rhomboidal form of the cortical ohambers in Conulites, and their 
spiral arrangement, forbid too close an association with Orhitoides 
while the same rhomboidal form of the chambers, and tho tendency 


^ The tabnlation of the teat la beat aeen in Fig. 7 (6) below. 
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to devolop nuttiorous intercalary rows of chambers in the spire, 
ompliasisc its distinction from NummuUtes. No doubt Conulitcs 
siioiild be placed in u position parallel to those groat genera, rather 
tliun in succession to either. >Still, it appears to find its most natural 
place in the same family with them ; so I suggest that it shouldi 
at ])rosont, be classed as the typo-genus of a now sub-family Conu- 
iJNiuAR of Zittol’s family Nummulitidae. 

Jn conclusion 1 wish to say how indebted I am to Dr. Pascoe, 
i)ir<‘ctor of tlu! (Zoological (Survey of India, for many facilities freely 
given to study in the offices, and refer to the library and XJollwtions 
of the Geological Survey in Calcutta ; to Dr. Baini Prashad, Officia- 
ting Dinxitor of the Zoological Survey of India, and Dr. C. S. Fox 
and Mr. Watkinson of the Geological Survey, who have most kindly 
laken for me all the photographs of micro-sections here produced; 
to Mr. Tipjicr and Mr. Lahiri of the Geological Survey, for much 
advice and practical help ; also to many other officers of both Surveys, 
for incidental assistance of all kinds constantly given. 

Thifi paper was written in ifunr 1925, botore it wn.s known that anyone else wft« 
w(^rkin</ on the name genus. .Mr. W. K Nuttnll of (’nmbricjge has, however, sinco 
this paper went to pnN,, publlslud a deserijftion of a speeies from tho middle Khirihnr 
wdiieli h(‘ id('ntili<’H willi Carter’s cooi'i ; and nnothcT Hjieeies from the upper Ranikot, 
which )i(' names ntuditi, N(*ither of lln\se species is identiliable with the forms described 
here. Mr. Nuttnll points out that ( ’urter’s nnine for t lie gtmus, donulitcs, is preoc'cupied, 
nnl he substitutes foi it the name DivtyiKomnihs, It should theiefore be understood 
that all references to ('onulitf.s in the text refer to the genus now known as Dictijoronoidc^ 
(Niittall). 

For Mr. Nutlall’s papem, att — 

“ Two Species of Koeene Koramiuifera from India,” Anunls ami Mmjnzine of 
Xaturnl Sei. 0, vol. XVT, pp. I17K — 3RR, Oetoher 1925. 

“ The J^arger l^\»ram ini fora (»f the Upper Hnnik(»t Series (Lower Eocene) of Sind, 
India ”, (kolofjiatl Mmjnzine^ Vol. LAITT, yj). 112—121, March 1929. 

Koi M. Douvillr’s remaiks on llm same, acp 

** La Eorrnt‘ Ucmi^pic chez les Ft>raminif6res, et Ic genre lUctijovonva Nut tall ”, 
(lomh Uemiu Soitnuoirt r/cv tSiavers dc la Hociiii Olologiquc de France^ ler 
fevrior l!»20, ]». 19, 
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No. G. S. I. llog. No. 

J^late 10 1 . . 397 . . Conuhifs kchaticffR. Kxt(‘rnal vi(’\v o£ 

unwoatliarfHl tost ; convex suilacc. 
(X0). 

2 . . 399 , . The same specinion , concave surface'. 

(X6). 

3 , . 3?)0 , Kxttf'mal view of the upper surface e»l a 

weathered test, sliowing rows of eoiiicat 
churn Ix'rs > ote the riplit-handcd twist 
of the spire. ( XO). 

4 . . 39S . . Another spctunfien, with central boss 

mnoved, showing' pi unary u hoi Is, Ni>te 
the left-handed twist of the spin'. 
(X6). 

4 (a) . . . . Sketch of primary whorls in above, showing 

2 intercalary rows of chamliers. 

Pla^e 17 5 . . . . Axial section of another specimen, showinf^ 

cortical and umbilical rhambers, nitJi 
pillars traversing the latter. (xO). 

5(a) , 1202 , . As in 5, but further enlarged. Note st rue 

tuix* of the centiul boss, tormeil by 
thickened s ipra -cortical skin with tra\ers- 
ing pillars. (xl2). 

5 (/;) , 1254 . . Another sjiecincm much enlarged in sliow 

shape' and simple character of coil km I 
chamliem. Note the conical pillars des- 
cending to fonn granulations on the lowci 
surface. (x39) 

5(t) . 392 . . Horizontal section of a test. (X24). 

0 , . , . ConuHtCi kohniicus, var. spintangiensis. 

Axial section. ( X 0). 

7 . • . . Conulites vredenburgi. Axial section. 

(X6). 


7 (a) .305 


• 'rhe same, further enlarged. ( X 13), 
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O.S.I. Ro2. No 


7 (h) . 3'»« 


I’lflic' IS H . . riin 

!t . 3412 


10 3414 


r.nto 10 11 , !413 


I'lnto20 12 . J2«4 


13 


. 'Fhc Ramo, Again enlarged. Note the per- 
forations ot the eortical eh mbor walls. 
(X3C)). 

. Cnnulttes tipperi. .\xial seetion. (x20). 

. darter's diagram of ConnlitH rooki, ns re- 
produred by Carpenter under Die generic 
name “ PatflUm." For comparison with 
<he sp<*cimenR ot Conulites figured 
.ibove. 

9 

. Cnrtoi’M dingiam of Orhitolinn Jpniint1afi% an 
ro]»ro(hK*ed by Tarponter iind<M tho p;onorw* 
namf* “ Pafellinn.'' For compaiison vdtli 
OonMtaR, Note tho subdivisions of the 
ooriioal chambora, and abaonoo of pillars 
traversinp; tho secondary ohambors. 

. Williamson’s diapr.ims of Paivllim corrifqata , 
This being tho form lor which tho genus 
Pa'Hlina was created, our ideas ns to that 
genus must be bnseil*upon iis chai actors. 
So note tho npi>an'nt absence of all supra - 
cortical development of skin or granules ; 
the in-egwlnr subdivisions of the cortical 
chambers, and theii oirangement in semi- 
iuiiar strips ; the confusi'd filling of the 
umbilical cavity, and the total absence of 
all pillaiti tmveising the same. 

. (’nrjiontei’s diagrams of reoent Australian 
forms alvo elassed by him as Patellinnf, 
although they agai \ seem to ropreson a 
distinct genus. Whatever t’ e aflinitie of 
this type may be, the eyclical arrangement 
ot its eortical chambers, their groat depth, 
and the massed granules in the centre of 
the base of the test, form a combination of 
characters which forbid generic identifica- 
tion with any other type hero dis- 
cussed. 

An Orbitoline form (Dkiyoconus ; megabo- 
phorio generation) assooiated with (7. we* 
denburgi near Hindu Bagh* ( x 6), 
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13 (a) . 394 • . Tlio same, further enlarged, for comparison 

with the Conulilcs type. Note the sub- 
(iiviMionH of tho cortical chambers, absence 
of bupm-cortica' etc., and absence ot 
all ))illurs through the umbilical region. 
(X30). 

13 {h) 11157 . . ('rusB bootion of the same bpeoies, for com* 

parisoii with 5 (c). Note the subdivisiot s 
of the cortical chambers, and their cyclical 
lustt'ud of spiral disjiosition as shown by 
the appc^arancc of only one whorl in this 
section. (X30). 
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